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ABSTRACT 
EffECT Of PROCESSING AND STORAGE ON NUTRITIONALLY IMPORTANT 
fATTY ACIDS IN fISH 
by N.H. AHMAD 
In order to determine the effect of processing and storage on 
nutritionally important fatty acids (i.e. essential fatty acids and 
eicosapentaenoic acid and docosahexaenoic acids) in fish lipid, mackerel 
(Scomber scombrus) was subjected to the following preservation methods: 
canning, frozen storage of fillets, frozen storage of mince, salting and 
drying of mince and silage production. Processing and storage were 
carried out on left fillets with the right fillets being used as controls. 
Peroxide Value, Acid Value, Iodine Value, and fatty acid composition 
determinations (by gas liquid chromatography) were carried out in order to 
identify any lipid changes which may have occurred during processing and 
subsequent storage, particularly with regard to the nutritionally 
important fatty acid content. for some samples, classification of total 
lipid into neutral lipid, phospholipid and free fatty acids was carried 
out. 
for canned mackerel no significant loss of nutritionally important 
fatty acids was found on processing and storage for 6 months. for mackerel 
fillet stored at _30oC, no significant loss of nutritionally important 
fatty acids was found over 10 months storage,_ whereas for mackerel mince 
stored at _30oC a significant loss of about 20~ of the nutritionally 
important fatty acids occurred over 8 months storage. for salted/dried 
mackerel mince stored at 37°C a significant loss of about 30% of the 
nutritionally important fatty acids occurred within 4 weeks storage. For 
mackerel silage stored at room temperature significant losses of 26%, 48~ 
and 51% of the nutritionally important fatty acids were found after 1, 6 
and 10 months storage respectively. Lipid oxidation appeared to be most 
rapid for the phospholipid fraction. 
The results indicate that significant losses in the nutritional value 
of fish lipid can occur during fish processi~g and storage particularly 
for salted/dried mince and silage. 
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1 • INTRODUCTION 
In 1928 an experiment was carried out in which rats were fed a 
lipid-free diet but one that included vitamins A and D. It was found 
that normal growth did not occur and reproductive deficiency developed 
which could be relieved by feeding linoleic, linolenic or arachidonic 
acid. A similar requirement has since been demonstrated for humans, 
although the Bo-called "essential fatty acid" is considered to be 
linoleic acid, with arachidonic acid able to supply some of the require-
ment, and possibly also linolenic acid, although thera is some doubt 
about its requirement. 
A second group of nutritionally important fatty acids was recognised' 
during the 1970s. Epidemiological studies on Eskimos and Japanese living 
by the sea showed that the population had relatively low incidence of 
coronary heart disease. This is now thought to relate to the high intake 
of two fatty acids, eicosapentoenic acid (EPA) and docosahexaenoic acid 
(DHA) which are present in large amounts in fish lipids but not plant 
lipids. 
Processing affects foodstuffs in many ways and can lead to loss of 
nutritive value. For example, it is well known that heat treatment can 
lead to losses in vitamins such as vitamin C and El' and essential amino 
acids such as lysine. Relatively little information is available on 
changes in nutritionally important fatty acids during processing, although 
it is known that polyunsaturated materials can be affected by heat and 
oxidation. 
In some fish products high degrees of lipid oxidation can develop, 
e.g. in cured fish, minced fish and frozen fish, hence the possibility 
of loss of nutritionally important fatty acids is high. The:work, 
described in this thesis is concerned with assessing such lipid changes. 
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2. LITERATURE SURVEY 
2.1 LIPID IN FOOD 
2.1.1 Lipid clessee and etrycturae 
The term "lipid" has been definad as sny of a heterogeneous group 
of naturally occurring substances thst are soluble in organic solvents 
such as ether,-, petroleum "ther, chloroform., but are only sparingly 
soluble in water (Dugan, 1976; Aurand and Woods, 1973). 
The wida range of compounds included in this definition are normally 
placed into lipid classes. Many differant classification systems have 
been proposed, however, a simple useful system for foodstuffs, 
particularly for fish products, is to split lipids into the four major 
classes: triglycerides, phospholipids, free fatty acids and unsaponif-
iable matter. Other minor classes include diglycerides, monoglycerides 
and waxes, but these are relatively unimportant as far as fish products 
are concerned. In Fig. 1 generalised structures are given for some of 
the lipid classes and in addition the structures of three compounds in 
the unsaponifiable matter class, namely, cholesterol, vitamin ~ and 
,p-carotene. 
Before considering the lipid classes in more detail, it is necessary 
first to discuss the structures of the fatty acid components. The 
naturally occurring fatty acids esterified ~ith glycerol in the tri-
glycerides and with glycerol and other alcohols in the phospholipids. 
or present un combined in the free fatty acid fraction, are mainly 
unbranched chains with an even number of carbon atoms. These structural 
features result from their biosynthesis from the 2-carbon building block, 
acetyl-CoA. Saturated, monounsaturated and polyunsaturated fatty acids 
are present in natural lipid material; some examples of commonly occur-
ring fatty acids are given in Fig. 2. In naturally occurring fatty acid 
the double bonds are.normally cis and in polyunsaturated fatty acids are 
arranged in the form -CH.CH-CH2-CHaCH- as shown for linoleic acid in 
Fig. 2. The carbon atoms are numbered from the carboxyl group in the 
IUPAC system, i.e. the double bonds in linoleic acid are at the 9 and 
12 positions, but more commonly only the position of the last double bond 
is given, e.g. C1B:2n-6 indicates that linoleic acid has 2 double bonds 
with 6 carbon atoms from the last double bond to the methyl group. 
- 3 -
- Fi 9' 1: Li pi d structures 
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Fig. 2: Fatty acids commonly present in lipids 
I:ssH",,.I:O,,,H lauric (C12:0) 
I:S,.H"'7CO",H myristic (1:14:0) 
saturated 
Cs .. H,..CO",H palmitic (C16:0) 
1:. 7 H", .. I:O",H stearic (C18:0) 
1:. os H:z .. I:O:zH palmitoleic (1:16: 1n-9) 
monounsaturated- oleic (1:18:1n-9) 
l:"'sH .... I:O"'H erucic (1:22:1n-9) 
C • .,..H","1:0:zH linoleic (1:18:2n-6) 
1:1.,..H:z .. I:O",H linolenic (1:18:3n-3) 
polyunsaturated- C 1 ",H:s 1 1:0 ",H arachidonic (1:20:4n-6) 
1:1 ",H2 .. I:O",H eicosapentaenoic (1:20:5n-3) 
I:"'SH""1:0,,,H docosahexaenoic (1:22:6n-3) 
linoleic acid 
-Double bonds are cis. 
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The properties of triglycerides depend both on the fatty acid 
composition and on the distribution of fatty acids in the glycerides 
(Dugan, 1976). Information on the distribution of the fatty acids in 
the triglyceride molecules in fish lipids is limited, but does suggest 
that there is commonly a polyunsaturated fatty acid in the 2 position, 
and saturated fatty acids in the 1 and 3 positions. Triglycerides of 
marine mammals are different, with the polyunsaturated fatty acids 
concentrated at the 1 and 3 positions (Ackman, 1980). 
Triglycerides constitute the major lipid components of most animals 
(including fish) and higher plants. for instance, in the total lipid 
fraction in mackerel flesh there ia about 90% triglyceride (Hardy and 
Keay, 1972). 
The phospholipid of animal tissue comprise a group of compounds, 
more complex than the triglycerides, in which a phospharic acid derived 
unit is present as well as fatty acids. Some common structures are given 
in fig. 3. In phosphoglycerides one of the primary hydroxyl groups of 
glycerol is esterified with a phosphoric acid derived unit which is 
combined with a nitrogenous base (choline, ethanolamine, serine) or in 
some cases with the cyclic hexahydric alcohol, inositol (5tansby, 1969). 
In the plasmalogens there is again a phosphoryl-grouping, but the second 
primary hydroxyl group of glycerol is combined with a long chain fatty 
aldehyde instead of with a fatty acid, as s~own in fig. 3. Many phospho-
lipids have more complex structures, as for example the sphingomyelins 
(fig. 3), and some do not contain a glycerol derived unit. The phospho-
lipids occur as basic units in cell membrane structures and generally 
the fatty acids are more unsaturated than those of the triglycerides 
(Stansby, 1973). 
free fatty acids occur in minor quantities in fresh animal lipids, 
but increase in amount ~-mortem during processing and storage. free 
fatty acid content is a useful measurement of the extent to which the 
triglycerides and phospholipids have been dacomposed by enzymic or 
chemical reactions (Pearson, 1981). 
The unsaponifia~le matter of lipid consists of many different 
groups of compounds including the sterols, carotenoids, fat-soluble 
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Fig. 3: Structural formulae of some animal tissue phospholipids 
(R = saturated or unsaturated hydrocarbon chain) 
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- 7 -
vitamins (see fig.' 1 for some exemples). Cholesterol, present free or 
as cholesteryl esters, is the most common sterol in animal lipid, 
including fish lipid. The carotenoid fraction of the unsaponifiable 
mattar includes a range of coloured materials such ss a" p . and y-
carotenas, and in fish lipids red pigments such as astaxanthin and 
astacin (Tsuchiya, 1961). 
fish lipids are the richest known sources of vitamins A and D. 
The stores of these vitamins which accumulate in the livers of many 
fish are much higher than those found in the livers of mammals (Borgstrom, 
1962). Vitamin E is also present, but in lower amounts than normally 
found in vegetable lipids. 
2.1.2 Nutritionallv important fatty acids 
Lipid in the diet fulfils several nutritional roles. A major, but 
not essential, role of lipid is an energy source, with triglyceride 
supplying sbout 37 kJ/g of energy compared with 16 kJ/g for carbohydrate 
and 17 kJ/g for protein. Since the fat-soluble-vitamins (A,< D" E and 
K) can be considered to be lipid materials, their supply constitutes a 
second important nutritional role of lipid. Directly related to fat-
soluble vitamins requiremente is the need for some lipid in the diet for 
their efficient uptake and transport. 
In addition to these nutritional roles of lipid materials, various 
individual fatty acids have been shown to have nutritional importance. 
These are the essential fatty acids (EfAs) and the marine fatty acids 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 
The EfAs were discovered in experiments with rats in 1928 (Burr and 
Burr, 1929). Rats were fed on a fat-free diet to which vitamins A and D 
were addad. It was found that reducad growth rats and reproduction 
deficiency occurred which could be cured by adding linoleic, linolenic 
and arachidonic acids to the diet. Deficiency symptoms have also been 
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produced in humans fed restricted EfA diets. The eymptoms of EfA 
deficiency sre complex but generally involve poor growth, dermatitis, 
decreased capacity to produce, lessened resistance to stress, impairment 
of transport of lipid, scely skin, loss of hair and other histological 
changes. 
-
It has been demonstrated that linoleic acid (C,18:2n_6 ), arachidonic 
I " 
acid (C20:4n- 6) a~d Y-linolenic acid (C,18,:3n- 6) ere more effective than 
... '." , -,. ; 
other polyunsaturated fatty acids in preventing deficiency symptoms 
(Kochhar and Matsui, 1984; Mayes, 1981) and hence can be considered as 
the EfAs. These form a series of n-6 fatty acid involving chain elong-
ation and desaturation as shown in fig. 4. The n-9 and n-3 fatty acids 
show similar series as shown in fig. 4. 
The EfA requirement can be fulfilled by linoleic acid alone, since 
(as shown in fig. 4) it can be converted through to r -linolenic and 
arachidonic acid. Several functions have bee.n reported for the Ef As 
including prostaglandin formation (see Fig. 5) and aa components of 
structural lipids, mainly phospholipids in cell membranes. 
The relationship between lipid in the diet and heart disease has 
been under intensive study over the last twenty years. Diets high in 
saturated fatty acids have been shown to lead to eccumulation of relatively 
large amounts of cholesterol in human blood compared with lipid with high 
polyunsaturated fatty acid content (PUfA) as occurs, for example, in corn 
oil and fish lipid. Nutritional research has recently highlighted 
important new evidence that certain marine lipids protect against heart 
disease, improve gland and enzyme functioning and play a vital role in 
healthy brain and nerve function. The nutrient receiving widest interest 
is the fatty acid C20:5n-3 eicosapentaenoic acid (EPA) and to a lesser 
extent docosahexaenoic acid c: 22:6n-3 (DHA) (Passwater, 1982). 
Researchers around the world have conducted experiments to explore 
the significance of EPA and DHA-rich diets. ·The results of these studies 
show that animals fed EPA end DHA-rich foods had lower levels of blood 
cholesterol, reduced blood clotting tendency, and, in general better 
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Fig. 4: Biosynthesis of the n-9, n-6 and n-3 series of fatty 
acids, by chain elongation and desaturation 
n-9 
series 
n-6 
series 
n-3 
series 
Oleic 
acid 
18: 1 ~ 18:2 ~ 20:2 ~ 20:3 ~ 22:3 ~ 22:4 
~f~1 
Linoleic 
acid 
20:1 22:2 
~i 
22: 1 
18:2 __ 18:3 -.;.. 20:3 __ 20:4 __ 22:4 --'.!> 22:5 
~i~i 
20:2 22:3 
~i 
22:2 
Linolenic 
acid 
18:3 _ 18:4 __ 20:4 -.;.. 20:5 -.;.. 22:5 __ 22:6 
~ i ~t 
20:3 22:4 
~t 
22:3 
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Fig. 5: Conversion of linoleic and linolenic acids to prostaglandins 
(PGEs), prostacyclins (PGls) and throllboxanes (TXAs) 
linoleic acid 
CI8:2n-6 
~ 
~-linolenic acid ~ eicosatrienoic acid 
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eOOH 
1 
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o 
: 
o 
. , 
I 
OH 
OH 
·····~CooH 
PGE, 
"~ooH 
OH 
OH C)~ ("~ODH ,. , o/~ 
, 
OH 
linolenic acid eicos.tetraenoic acid 
CI8:3:n-3 ---+ C2C:4n-3 
o 
• 
• 
· . 
OH 
PG I:. 
CDOH 
OH 
~ eicosapentaenoic acid ---7 
C20:5n-3 
OH 
/~ 
- COoH 
. . 
bH OH 
CoOH 
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protection from cardiovascular disease (Passwater, 1982). Sanders and 
Younger (1981) have conducted a study to examine the influence of daily 
supplements of a commercial product (Mal< EPA) containing high levels of 
EPA and DHA for a three week period for five human sUbjects. Each 
experimental period was separated by at least six weeks. The results of 
this study showed that even at a level of only 5 g per day of EPA and 
DHA, triglyceride levels and platelet aggregation were reduced in all 
sUbjects. 
An explanation for these results concerns the synthesis from n-3 
and n-6 series acids of prostaglandins, and the related prostacyclins 
and thromboxanes (see fig. 5), which together con,trol a very wide range 
of metabolism including blood clotting. It is believed that the fatty 
acids from which these compounds originate determine whether blood 
clotting is promoted or inhibited. If the blood clotting platelets 
aggregate excessively to form clots (thromboses) that block blood flow 
in the coronary artery, then this can lead to h"eart damage. I t has been 
suggested that the prostacyclin PGI 3 formed from the n-3 acids (such as 
EPA, and possibly also DHA) is more strongly anti-aggregatory than the 
PGI 2 formed from the n-6 acids, and the thromboxane TXA 3 formed from the 
n-3 acids is less pro-aggregatory than the TXA2 formed from the n-6 acids 
(Rice. 1983). 
2.1.3 Lioid in fish and fish products 
The lipid content of fish flesh varies widely according to species 
and in particular as to whether the fish is of the white-fleshed demersal 
type, e.g. cod, haddock, or the dark-fleshed pelagic type, e.g. herring, 
mackerel. 
White-fleshed fish are generally 'lean' with the lipid content in 
the range 0.5 to 1.5%, whereas dark-fleshed fish are generally 'fatty' 
with the lipid content usually in the range 1 to 25% according to 
season, as discussed below. Table 1 gives data for lipid and other 
proximate components for lean and fatty fish flesh and various fish 
products. In general white-fleshed fish with low lipid content in the 
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Table 1: Proximate analysis date for fish flesh and fish products 
All values are percentages wet weight 
Sample* Lipid Water Crude protein ~ Water + Lipid 
Leen fish flesh 
Cod 
Dab 
Plaice 
Skate 
Fatty fish flesh 
Herring 
Mackerel 
Salmon 
range 
range 
range 
Fish products 
Mackerel,canned, drained 
1 
2 
2 
1 
meat 7.9 
Mackerel,can liquor 30.2 
Skipjack tuna,chunks, 
canned,drained meat 6.5 
Skipjack tuna,chunks, 
can liquor 24. S 
Salmon, canned 
Haddock,smoked,steamed 
Kippers (herring) 
Salt cod 
White fish meel 
Herring fish meal 
Mackerel fish silage 
Fish paste 
Cod liver 
9.6 
0.9 
13 
1 
4 
8 
12 
9.S 
55 
81 
79 
81 
77 
80 
50 
74 
60 
77 
67 
67 
72 
62 
33 
11 
9 
70.2 
64 
32 
16 
16 
16 
19 
16 
18 
18 
18 
21 
21 
20.6 
22.3 
21 
42 
63 
71 
16.6 
14.9 
5 
1 
1 
1 
1 
1.5 
1 .5 
1.5 
1.5 
1 .5 
1 .5 
2.4 
3 
22 
22 
9 
2.1 
4 
82 
81 
83 
78 
81 
80 
75 
80 
78 
79 
76.6 
72.9 
75 
34 
15 
17 
82.2 
73.5 
87 
*(Cod - Gadus morhua; dab - Limanda limanda; Plaice - Pleuronectes platessa; 
Skate -.B.ili. sp.; Herring - elupea harengus; Maek.erel - Scomber scombrus i 
Salmon - Salmo salar; Skipjack tuna - Thunnus sp.; Haddock - Gadus aeglefinus). 
Sources: Kovacs" Ackman and Ke, 1978; Windsor and Barlow, 1981; 
Murray and Burt, 1569. 
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flesh contain a high percentage of lipid in the liver, e.g. the liver 
of cod (Gadus morhua) contains about 55% lipid. 
Many factors affect the lipid content of tha fish, such as the fish 
size and sex, food availability, geographicai areas, but of most importance 
are the regular seasonal changes related to spawning (Hardy and Keay, 1972). 
for lean fish the variation is fairly small, for example, for an inshore 
cod ~. mottiya) population, flesh lipid content varied only between 
0.57 and 0.74% (lambertsen, 1972). fatty fish show far wider variation 
with season, for example Atlantic mackerel (~. scombrus) shows a 
minimum lipid content in the months of March and April as spawning 
approaches, and then a gradual increase reaching maximum levels in the 
months of September, October and November. Values reported for dark 
muscle, white muscle and belly flap of mackerel showed minimum lipid 
contents of 3.8%, 7.5% and 13.7% just before spawning; reaching maximum 
values of 13.4~, 19.1% and 23.7% during the September, October and 
November period, respectively (leu £i al., 1981). In general the lipid 
content changes are balanced by the water content; the lipid and water 
content normally add up to about 80% (see Table 1). 
The distribution of lipid in fish is very uneven, not only for lean 
fish which accumulate lipid in the liver, but also for fatty fish. This 
is shown in fig. 6 for fall (autumn) and spring mackerel (~. scombrus). 
It is notable that the skin can contain 40%'of the lipid in the whole fish 
and can be up to 50% lipid and that the head contains 10-20% of the total 
lipid (Ackman, 1980). 
The lipid contents of fish products can vary widely (see Table 1), 
for example, 0.9% in smoked haddock and 55% in cod liver. for canned 
mackerel, drained meat contains 7.9% lipid whereas can liquor contains 
over 30%, presumably due to migration of lipid from the skin and under-
lying tissues to the liquor. The lipid content of fish silage is almost 
the same as for the whole fish used in its preparation, whereas the 
lipid content of fish meal depends how much lipid is removed during 
Fig. 6. Lipid distribution in fall and spring mackerel (5. scombrus) 
% of totel lipid 
40 
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10 ----I' 
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processing (Kovacs ~Al., 1978; Murray and Burt, 1969). 
The lipid in fish exists as depot lipids, mainly triglycerides, and 
non-depot lipids, mainly phospholipids and sterols. All fish muscle 
contains about 0.5-1.0'lb of phospholipid as a part of the muscle structure'. 
This often constitutes the major component in lean fish flesh, but may 
be less than 5'lb of the lipid content of fatty fish flesh. Free fatty 
acid content of fresh fish flesh is normally less than 5'lb of the total 
lipid (Ackman, 1960; Stansby, 1973; Lovern and Olley, 1962). The 
unsaponifiable matter in fish flesh is normally about 5% of the total 
lipid. It consists of many components of which sterols, particularly 
cholesterol and derivatives, are the major group by weight, representing 
normally about 93 to 96% of the unsaponifiable matter for fish and 25 to 
99% for shellfish (Ackman, 1974). 
Lipid class composition is given in detail in Table 2 for the flesh 
of male and female mackerel (December and June). Data are also given 
for the liver and gonad. It is noticeable that liver phospholipid content 
is higher than the phospholipid content of the flesh or g,onad and varies 
with season. The lower value of phospholipid content after spawning 
indicates mobilisation of phospholipid for egg production. The free fatty 
acid content is distinctly higher in the liver and gonad than the flesh, 
possibly refiecting the high lipolytic enzyme activity of these organs. 
Table 3 gives the fatty acid profiles (without distinguishing 
between isomers) of several lipid extracts. Fish lipid is seen to 
contain SUbstantial aMounts of fatty acids .,ith longer chains and M:>re 
double bonds than the other lipid extracts and in general it is seen 
that fish phospholipids tend to have more unsaturation than the triglycer-
ides. Detailed fatty acid profiles, including isomer identification are 
given in Table 4 for mackerel flesh lipid and other fish lipid extracts. 
Of the saturated fatty acids the C16:0 is seen to predominate, followed by 
the CI4:0. Of the unsaturated fatty acids the CI6:1n-7, C20:1n-9 and 
C22:1n-l1 (+n-13) are the major components. Of the polyunsaturated fatty 
acid the nutritionally important [PA, C20:5n-3, and DHA, C22:6n-3, 
Tabl. 2: Lipid class analysie of Cornish mackerel (5. !i:!5;:o!!l!;n::ua)· 
December June 
Melf! r~m~b: Mele femel~ 
Component n •• h Liver Gonad Flesh Liver Gonad flesh Liver Gonad Flesh Liver Gonad 
Totol lipid 24.1 24.0 4.3 21.6 23.B 2.1 9.1 8.2 2.1 3.9 4.9 4.8 
Phospholipid 0.84 2.17 1.00 0.99 2.62 0.84 O.BO 2.45 0.86 0.81 0.65 1.20 
(3.5) (B.7) (23.J) (4.6) (11.0) (40.9) (9.7) (20.9) (40.0) (20.9) (16.81) (25.1 ) 
FFA by column 0.55 4.53 1.0B 0.52 4. B 1 0.31 0.51 3.54 0.83 0.40 2.06 0.44 
chrometogrephy (2.3) (lB.2) (25.1) (2.4) (20.2) (14.8) (5.6) (42.2) (J9.5) (10.3) (42.1l (9.1l 
rFA by TLC 0.67 4.0B 1.09 0.80 4.78 0.2B 0.56 2.9J 0.70 0.5B 2.27 0.25 
dene! tome try (2.B) (16.4 ) (25.3) ( 3.7) (20.1 ) ( 13.5) (6.2) (J5.8) (J7.5) (14.0 ) (46.4) (5.J) 
Neutral lipid 22.20 18.10 2.29 20.13 16.02 0.95 7.89 2.J9 0.39 2.60 2.0B 3.14 ... 0-
(92.5) (72.6) (53.3) (93.2) (67.3) ('5.2) (B6.7) ( 29.1l ( 1 B .4) (66.7) (42.5) (65.5) 
Neutral lipid classes: 
Triglyceride 21.54 15.24 l.JS 19.37 10.42 0.46 7.16 0.76 0.02 1 .91 0.19 0.98 
(89.11 (61.2) (31.5) (B9.7) (43.8) <21.7) <78.71 (9.3) ( 1 .0) (49.0) (3.9) (20.4) 
piglyc:eride 0.41 1.64 0.09 0.19 2.21 0.01 0.14 0.12 0.02 0.11 tc 0.05 
rl .7) (6.6) ( i.ll (0.9 ) (9.3) (0.4) ( 1 .5) ( 1 .5) ( 1 .1 ) .( 2.8) (1.1l 
Monoglyceride tc 0.40 0.05 tc O.Bl 0.02 0.07 0.25 0.02 0.07 0.06 0.08 
( 1 .6) ( 1 .2) ( 3.4) (1 .1 ) (O.B) (J.l ) ( 1 .2) ( 1 .9) (1.2) ( 1 .6) 
Cholesterol 0.58 0.27 0.54 0.19 0.95 0.27 0.2B 0.76 0.40 0.d1 1.45 0.40 
(2.4 ) ( 1 .1 ) (12.5) (0.9) (4.0) (12.7) (J.ll (9.3) (19.3) (10.5) (29.6) (8.4) 
Choleehrol tc 1.09 0.11 nil 2.09 0.22 nil 0.89 tc tc 0.10, 1 .84 
f!ster (4.4) (2.5) (8.BI (10.4) (10.9) (2.0) (3B.3) 
* The unbrecketed figures • r • in unite of per cent weight of tissue. The bracketed figures or • in unite of per cent weight of totel lipid. 
• tc: I indicates 'trace' • 
Source: Hardy end Keay, 1972. 
T IIbl!! J' F 1I11)! ~S~~ a.ofil~~ of ~om§ liEig eX~IR~l§ ~Ee:&:centag~9) 
Fatty Acid 4:0 6:0 8:0 10:0 12:0 14:0 16:0 18:0 16: 1 18: 1 20: 1 18:2 18:3 20:4 20,5 22:5 22:6 
Coconut oil t 6 6 44 18 11 6 7 2 
Corn oil 13 4 29 54 
Olive oil t 14 2 2 64 16 2 
Palm oil 48 4 38 9 
Butter 3 1 3 4 12 29 11 4 25 2 
I Beef tallow 3 26 17 6 43 4 t 
Cod flesh 1 20 3 3 12 2 1 5 17 2 30 
Whole herring (also 19% of 22.1) 6 13 1 14 16 14 t t 7 t 3 
(triglyceride) 
Whole herring 2 21 3 5 13 2 1 t 1 12 33 ~ 
(phospholipid) .... 
I 
Dogfish flesh 2 17 3 5 16 5 2 3 8 3 22 
(triglyceride) 
Dogfish flesh 6 20 9 3 11 3 1 7 5 2 32 
(phospholipid) 
Queen crab (also 8% of 22:1) 4 14 2 10 24 12 t 2 11 9 
(triglyceride) 
, - . 
Qu Ben creb 3 15 3 6 22 2 t 4 31 14 
(phospholipid) 
Shrimp flesh 3 16 3 6 19 2 2 t 22 1 16 
Amarican oyster 4 23 5 8 1 t 3 14 1 14 
(triglyceride) 
American oyster 5 3 3 5 3 t t 16 20 
(phospholipid) 
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Table 4: fatty 8£:ic1§ (i! w/w) in fish mu§clp. ond skin lipide end fish commerciAl oils 
HOM muscle and skin lipide Fish commercial oils 
ratty acid Capel!n Mackerel Atlantic Capel!n Mackerel Atlantic Pacific 
_ herring herring 
12:0 0.55 0.15 0.17 0.16 0.11 0.10 0.20 
1.0 14 :0 0.16 0.02 0.07 0.06 0.03 0.03 0.03 
14:0 6.60 B.60 7.18 7.B5 7.Bl B.77 6.81 
1.0 15:0 0.41 0.18 0.27 0.14 0.20 0.22 0.01 
Anteiso 15:0 0.24 0.07 0.07 0.04 0.07 0.09 0.09 
15:0 0.66 0.40 0.44 0.28 0.41 0.34 0.34 
1.0 16:0 0.21 0.10 0.03 0.03 0.12 0.03 0.03 
16:0 11; 74 17 .59 13.6B 8.Bl 15.92 14.B4 22.74 
Iso 17:0 0.16 0.12 -0.04 0.03 0.15 0.03 0.01 
Anteiso 17:0 0.13 0.04 0.01 0.03 0.05 U.Ol 0.07 
17:0 0.27 0.54 0.43 0.17 0.46 0.33 1.29 
Iso 18:0 fW- NO 0.01 ND 0.07 0.04 ND 
18:0 0.00 2.22 0.64 0.72 1.73 0.97 2.72 
19:0 0.1 0.15 0.07 0.06 0.19 0.10 0.01 
20:0 0.00 0.12 O.OB 0.08 0.11 0.15 0.05 
22:0 NO ND 0.01 NO 0.01 NO ND 
2':0 NO NO 0.07 0.17 0.03 0.01 ND 
Total 
saturated 22.6 30.3 23.3 18.6 27.5 26.1 34.4 
114 :1 0.32 0.D8 0.07 0.06 0.11 0.07 0.22 
115: 1 ND 0.06 ND ND ND 0.03 NU 
16:1n-9 NO 0.42 0.09 0.03 0.29 NO 0.07 
16:1n-7 12.89 9.57 15.74 15.42 8.20 7.22 7.53 
16:1n-5 0.61 NO 0.J2 0.73 0.54 0.52 0.45 
117:1 ND 0.16 liD ND 0.15 0.04 ND 
18:1n-9 6.15 9.47 4.36 4.40 B.61 12.27 29.72 
18:1n-7 2.67 4.69 2.37 3.43 3.78 3.66 4.98 
18:1n-5 0.35 0.59 0.53 0.62 0.54 0.64 0.41 
119 :1 ND 0.06 NO NlJ 0.04 0.07 ND 
20:1n-l1 0.44 0.34 1.21 1.20 0.24 0.50 1.01 
20:1n-9 14.83 7.41 12.03 14.53 10.59 14.37 4.40 
20:1n-7 1.44 0.93 1. 72 1.84 1 .1 3 0.94 0.37 
20:1n-5 0.06 0.03 0.1 A 0.23 0.09 0.19 NU 
22:1n-ll 
(.,3 ) lB.41 9.40 15.40 17 .45 12.74 20.92 3.92 
22:1n-9 1.86 0.65 3.60 1.70 1.00 1.36 0.87 
22:1 n-7 0.42 0.09 0.43 0.42 . 0.19 0.33 0.12 
I 2': 1 0.53 0.09 0.30 0.59 0.69 0.52 0.'7 
Total 
monoethylenic 61.0 43.9 58.' 62.7 4B.9 63.7 54.5 
16:2n-6 0.76 0.04 0.03 0.A4 NU NO 0.75 
16=20-4 0.13 0.'8 0.25 0.06 0.45 0.23 0.27 
16:3n-3 0.96 0.48 0.8B 0.82 U.52 U.39 0.44 
16:4n-3 N~ 0.49 1.30 NU 0.44 0.39 0.01 
16:4n-l 1.52 ND ND 1.47 NU U.03 0.42 
18:2n-6 0.92 1.04 1 .11 0.78 1.28 0.78' 0.67 
20:2n-6 0.17 0.13 0.03 0.05 0.24 U.09 0.14 
18:3n-6 0.09 0.10 0.02 0.01 0.07 0.04 0.07 
18:3n-3 0.87 0.74 0.45 0.20 0.99 0.39 0.18 
18:4n-3 1.57 1.96 1.60 1.36 2.47 0.93 0.67 
20:4n-6 0.29 0.27 0.22 0.14 0.36 0.24 ND 
20:4n-3 0.21 0.55 0.34 0.28 0.50 0.22 0.29 
20:5n-3 6.11 9.39 7.29 9.35 7.64 2.85 5.31 
21:4n-3 0.36 0.21 0.10 ND 0.41 0.13 0.09 
22:5n-6 0.07 0.02 0.20 0.03 0.01 0.03 NO 
22:5n-3 0.52 1.17 0.75 0.60 0.57 0.37 0.22 
22:6n-3 1.87 A.73 3.12 2.70 7.66 2.70 1.53 
Total 
polyethylenic 16.4 25.8 16.3 18.7 23.6 10.2 11 .1 
• ND - not determined. 
Source: Ackm!ln, 1980. 
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predominate; they are considered very characteristic of marine lipid 
extracts. Tha essential fatty acids, linoleic acid CJ6:2n-6 and 
arachidonic acid C20:4n-6 are relatively minor components being present 
at about 1~ and 0.25~ respectively. Linolenic acid, CI6:3n-3 is also a 
minor component less than 1%,.and Y,linolenic 0.1~ or less. 
Lipid deterioration 
Deterioration of lipid in foodstuffs occurs by both non-enzymic 
chemical reactions and by reactions catalysed by various enzymes present 
in food. It gives risa to unpleasant flavour (rancidity), discolorations, 
changes in physical properties and loss of nutritional value. At high 
temperatures lipid deterioration can occur by polymerisation reactions 
(Dugan, 1916), but of more concern with respect to food preservation are 
the hydrolytic and oxidative reactions that can take place at normal 
food storage temperatures. 
Hydrolytic reactions, both enzymic(lipase and phospholipase enzyme 
catalysed) and non-enzymic, cause the cleavage of fatty acids from tri-
glycerides and phospholipids. The free fatty acids formed impart an 
objectionable flavour (hydrolytic rancidity) if short-chain fatty acids 
(C4 to ( 12 ) are present in the lipid. Such rancidity is commonly found 
with dairy products but does not occur in fish and fish products because 
the lipid has negligible amounts of short chain fatty acids (see Table 2). 
In addition to rancid off-flavours, hydrolysis can also result in unplea-
sant acidic tastes, low smoke point for cooking oils and high costs in 
oil refining (Windsor and Barlow, 1961). 
Oxidative reactions leading to lipid deterioration occur by both 
enzymic and non-enzymic pathways. The enzymic pathway is catalysed by 
the plant enzyme lipoxygenase. This catalyses the oxidation of poly-
unsaturated fatty acid chains to give rancid products via hydroperoxide 
intermediates (Gunstone and Norris, 1963). 
Non-enzymic oxidation can occur with mono-unsaturated and poly-
unsaturated fatty acid chains. Two non-enzymic pathways are known, aut-
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oxidation involving radicel chain reactions, and photo-sensitised_ 
oxidation involving the Bene" reaction (Gunstone and Norris, 1983). 
The former is by far the more important with respect to lipid changes 
during food preservation and occurs particularly rapidly with poly-
unsaturated fatty acids, hence the nutritionally important fatty acids 
are very susceptible to this type of oxidation. The mechanism of this 
reaction will now be discussed in detail. 
Lipid autoxidation can be divided into two main stages, the form-
ation of hydroperoxide, and the decomposition of hydroperoxide" 
Formation of hydroperoxide occurs through a free radical process 
involving initiation, propagation and termination. In the initiation 
process free radicals (rad") are formed,probably by the reaction of 
singlet state oxygen with double bonds in the fatty acid chain. The 
process is speeded up by energy input, e.g" heat, light, irradiation 
and the presence of small amounts of transition metals, e.g. copper, 
iron. 
The propagation process involves the free radicals formed in the 
initiation stage reacting with unsaturated fatty acid chains (RH) to 
give other free radicals R"" These can then combine with oxygen to 
form peroxy free radicals, which in turn can abstract hydrogen from other 
unsaturated fatty acid chains and new free radicals are formed. The 
result is a free radical chain reaction in which RH is converted to 
hydroperoxide ROOH, i.e. 
rad' + RH > rad H + 
R" initiation 
R' + O2 > 
ROD" ) propagation ROD" RH ROOH R" chain reaction + > + 
The rate of reaction is limited by termination reactions in which 
free radicals react with other free radicals to yield paired electron 
products, e.g. 
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RR 
ROD· + ROD· ---:O)~ ROOR + 
Hydroperoxides are readily decomposed. The process is speeded up 
by heat, light, irradiation and the presence of transition metals. When 
the concentration of-hydroperoxide is low, decomposition occurs as a 
monomolecular process. 
ROOH ---;~;.. RD· + HO· 
when the concentration of hydroperoxidss is high decomposition occurs 
as bimolecular process. 
some of the radicals formed on hydroperoxide decomposition abstract 
hydrogen from other unsaturated fatty acid chains, thus increasing the 
reaction rate. This. so-called autocatalysis isa key characteristic of 
lipid autoxidation. The RD· radicals are capable of ~ series of reactions 
leading to several products such as aldehydes, secondary alcohols and 
ketones (see Fig. 7), and further oxidation products such as carboxylic 
acids (Dugan, 1976; Dheyat and Schwall, 19~3). Many of these products 
are volatile and unpleasant smelling, i.e. rancid products. 
Although this simplified autoxidation scheme applies in outline to 
the process in fish "lipids, the highly unsaturated nature of such lipids 
leads to many complex side reactions involving, for example, the forma-
tion of bishydroperoxides, cyclic peroxides and epoxides (see Fig. B). 
One of the products resulting from such side reactions is malondialdehyde 
(see Fig. B), which is determined in the thiobarbituric acid (TEA) 
rancidity assessment procedure. Recently it has been reported that 
malondialdehyde is toxic and carcinogenic which makes its determination 
in foods containing autoxidised lipid of even more importance (Pearson 
ll..al., 19B3). 
Fig. 7: Hydroperoxide dec'omposition reactions. 
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2.2 fISH PROCESSING WITH PARTICULAR REfERENCE TO MACKEREL 
2.2.1 fish production and utilization 
Since the late 19405 the total world catch of fish and shellfish 
has increased from 20 to over 75 million metric tonnes per annum 
(Steinberg, 1980; fAO, 1984). About 50 million tonnes are used for 
human consumption; the remainder is mainly converted to fish meal, 
although increasingly fish silage is being produced (Windsor and Barlow, 
1981). Of the fish utilized for human consumption in 1982 fresh fish 
constituted 29%, frozen fish 32%, cured fish (i.e. salted, dried, smoked 
fish) 21% and canned fish 19% (fAO, 1984). for comparison in 1948 the 
utilization was fresh fish 59%, frozen fish 6%, cured fish 28% and 
canned fish 8% (fAO, 1957). It can be seen that the increased proportion 
of frozen fish and canned fish production has occurred as the proportion 
of cured fish and fresh fish production has decreased. 
Of the total world catch of 75 million metric tons per annum, 
marine finfish account for about 60 million tonnes. Approximately 
two-thirds of this catch is pelagic fish (with relatively high lipid 
contents) including herrings, sardines, anchovies, tunas and mackerels. 
The fAD defined "mackerel" group consists of relatively few species of 
the family Scombridae, although the name mackerel is commonly used to 
refer to many non-Scombridae species, e.g. horse mackerel (Trachurus 
trachurus: family Carangidae). In this report, the term "mackerel" will 
be used only to refer to the small closely related group of Scombridae 
species as defined by fAD. The major species in this group are Atlantic 
mackerel (Scomber scombrus), chub mackerel (Scomber japonicus), and 
Indian mackerel (Rastrelliger kanagurta, Rastrelliger brachysoma (some-
times known as "short mackerel"), and other Rastrelliger species). 
The total world catch of these mackeral species, as reported by fAO, 
is given in Table 5. The United Kingdom· accounted for almost 40% of the 
catch of Atlantic mackerel in 1982, followed by Norway (12% of the 
catch) and the Netherlands (11% of the catch). Japan accounted for 
over 60% of the chub mackerel catch, followed by the USSR and China. 
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Table 5: World catches of mackerel species in matric tonnes, 
1976 to 19B2 
Species 1976 19TB 19BO 1982 
Atlantic meckerel 1,077,299 712,427 656,525 629,541 
(Scomber §cQmbru~) 
Chub meckerel 1,699,317 . 2,851,783 2,094,642 1,591,964 
(5comber ioponis;u=, ) 
Indian mackerel 111,356 lB5,488 116,708 91,05B 
(Rastrelliger kanagyrta) 
Short mackerel 31,314 25,IB3 22,20B 19,507 
(Restrelliger brachv§oma) 
Indian mackerel 149,377 177,561f* 221,527 242,811 
(Rastrelliger spp.) 
Other mackerel-like fish 15,90of 27,547f 24,180 25,755 
(5~omb;r;:oi.dei.) 
Total 3,084,563 3,979,989 3,135,790 2,600,637 
*f • fAD estimate. 
Source: fAD, 1980; fAO, 1984. 
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The main countries which catch Rastrelliger species are Indonesia, 
Thailand, Malaysia, Philippines end India. 
Pelagic fish stocks, such as those of mackerel, are very suscept-
ible to the degree of exploitation, climatic and seasonal changes, etc., 
and the wide fluctuations seen in the catch data in Table 5 are not 
unusual for such species. 
Atlantic mackerel (~. scombrus), the species used in this study, 
is found in the north-eest Atlantic from Norway to Morocco, in the 
Medit~rraneen and Black Sees and in the north-west Atlantic from 
Labrador to North Carolins. Shoals of msckerel may be found all round 
the British Isles in summer and autumn and in addition a winter fishery 
has been established in the South West (Keay, 1979). The catch and 
value of mackerel in the United Kingdom during the 1970s increased 
several-fold as a result of increased catching effort in response to 
declining stocks of other common food fish species such as herring. 
However, by 1982 the North Sea stock had fallen from 3 million to less 
than 1 million tonnes and it was recommended that fishing for mackerel 
in the North Sea should be limited until stocks were re-established 
(MAff, 1982). 
figures are given in Table 6 for the utilization of mackerel over 
the period 1978 to 1962 (fAO, 1979; fAO, 1984). (Data given for 
previous years by fAD were calculated on a different basis and are not 
comparable directly). The total weight of products reported by the fAD 
for 1982 was 794,142 tonnes. A rather higher figure would be expected on 
the basis of the total catch of 2,600,637 tonnes; clearly the data are 
incomplete, since significant amounts of mackerel are sold fresh and the 
fish meal production is much under-estimated. However, even though the 
data are incomplete, it would appear that frozen and canned mackerel are 
the most important products, followed by cured mackerel. Salted/dried 
mackerel are the most important of the cured products (fAD, 1984). 
Two important developments in fish utilization over the past 10 
years have been the production of minced fish products for human con sum-
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Table 6: Utilization of mackerel species. 1978 to 1982 
Products 1978 1979 1980 1981 1982* 
fresh 0 0 0 0 0 (0) 
frozen 622,713 810,245·· 762,391 554,274 467,203 (50) 
Cured 145,226 182,338 186,228 167,883 126,793 (16 ) 
Canned 307,989 290,446 311,398 250,908 195,824 (25) 
fish meal 115,500 19,358 22,796 21,934 4,342 (5) 
Total 1,191,428 1,302,387 1,282,813 995,999 794,142 
* The figures in parentheses are percentages of the total reported products. 
Source: fAD, 1979; fAD, 1984. 
- 28 -
ption and production of fish silage for animal consumption. These 
products are discussed in detail below (Sections 2.2.5 and 2.2.6 
respectively). 
2.2.2 Canned fish 
food canning is a process whereby food preservation is attained 
through the combination of a hermetically sealed container, and heat 
treatment to destroy pathogenic and spoilage organisms and deactivate 
enzymes. The technique was invented by Nicoles Apart in 1810 •. By 
1920,.the first,canned,fish were 'produced in the,United States 
and since that time, canned fish products have made a large impact on 
world markets. from the beginning of the twentieth century the general 
trend has been for an increased production of canned fish (Perovic, 
1977). Major world canned fish products by species groups are shown in 
fig. 9 for 1955 to 1982. This shows mackerel increasing its proportion 
of the canned fish market until the 1980s when the decline in mackerel 
catch affected canned mackerel production. 
Canned mackerel production throughout the world is given in more 
detail in Table 7, based on fAO statistics. Production of canned 
Atlantic mackerel is approximately 20,000 tonnes per annum, the main 
producing country being Denmark. Canned Pacific mackerel production 
was over 200,000 tonnes until a sharp decli"e occurred in 1981, reflecting 
the lower catches. Japan is the main producing nation. 
Mackerel ara usually canned as steaks or fillets in a variety of 
sauces, with brine, tomato sauce and oil being the most common (Tanikawa, 
1971; Da Costa, 1974). They are usually packed vertically into 225 g 
or 455 g cylindrical or oval cans; the contents are allowed to protrude 
slightly above the rim of the can to allow for shrinkage. The cans are 
seamed and heat-processed at 1150 C for 90 minutes to give an f value of 
o 
about 10 (Mclay, 1970). 
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Fig. 9: \.Iorld production of canned fish by species groups 
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Teble 7: Productiori of canned mackerel by countries. in metric tonnes (1977-1982 (excluding USSR end Bome other countries) 
Species Country 1977 1978 1979 1980 1981 1982 
Argentina 400 400 400 300 300 600 
Japan 211,000 222,100 203,800 235,932 169,648 126,462 
Pacific mackerel Morocco 4,644 5,654 3,961 4,632 4,980 4,923 
( Scomb"r laponicue) Peru 4,800 8,700 11 ,600 11 ,797 5,835 5,786 
S. Africa 1, BOO 2 2, 248 38 38R 
Total 224,620 238,010 220,008 272,270 180,801 137,809 
Belgium 200 300 40 20 9 20 
Canada 1 ,745 692 900 2,089 1,243 2,000 
Atlantic mackerel Denmark 12,200 14,200 14,200 14,021 15,331 15,603 
(Scomb,r scombrusl The Netherlands 400 3,300 3,400 3,00 2,633 4,000 to> CJ 
Norway 2,400 2,200 2,200 2,800 1,078 927 
Sweden 237 249 245 130 145 150 
Totel 20,782 20,671 20,989 22,060 20,439 22,700 
France 28,400 30,400 32 ,I 00 26,040 26,200 23,400 
Korea Rep. 3,262 5,300 3,200 1 ,172 5,434 2,767 
Meckerel not identified Portugal 5,197 4,235 4,160 3,243 1,263 1,400 
I 
Spain 5,663 6,931 6,931 6,600 6,600 6,040 
, 
5. A!d!<!l 4H Z§ 
Tohl 42,722 49,303 46,417 39,255 43,697 35,607 
GRAND TOTAL 266,124 307,964 269,415 333,565 244,937 196,116 
Source: fAO, 1981 ; fAO, 1984. 
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2.2.3 frozen fish 
The rapid expansion of frozen food marketing, including frozen fish 
and fish products, has been one of the most distinct developments in ths 
food producing industry during the last thirty years. In developed 
countries sophisticated convenience products, such as fish fillets, 
fish fingers (sticks) and portions, sold through supermarkets are of 
major importance (Krone, 1977). for example, in the USA the production 
of frozen fish portions has increased from less than 50,000 tonnes in 
1960 to over 300,000 tonnes (Steinberg, 1980). In developing countries, 
freezing is becoming more commonly used to extend the storage life of 
whole or gutted fish. 
In 1982 world production of frozen fish products was more than 10 
million tonnes. Production by Japan and USSR accounted for nearly 70% 
and the remaining 30% was about almost equally European and North 
American (fAD, 1984). 
The most important advantage of frozen fish are as follows:-
a) long storage life, preserving the fresh fish characteristics; 
b) the possibility of rationalizing distribution and keeping 
products continuously available; 
c) standardisation of products, packs and quality; 
d) more effective promotion and consumer education; 
e) flexible retailing in markets or in stores, as frozen 
fish or in the defrosted form. 
It is expected that the contribution of frozen fish to the 
marketing of fish and fishery products in developing countries will 
increase and cost saving and operational improvements ara possible in 
the long term. This trend can already be observed in some countries, 
e.g. Cuba and Peru (Krone, 1977). 
The total reported frozen mackerel products in 1982 was 467,203 
tonnes representing almost 60% of all mackerel products. The mackerel 
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was mainly frozen whole; fillets represented only a emall proportion of 
the total. Many high value speciality frozen mackerel products have been 
developed, for example a common product. in Scandinavian countries is a 
frozen spiced product from mackerel (i. Bcombrus) known aB gravad 
mackerel (Aagaard, 1969). 
Cured fish 
The term cured fish may be defined aB fish preserved without the 
need for refrigeration or freezing, but 'excluding canned fish (FAO, 1982). 
Salting and drying and smoking, and combinations of these treatments 
have been used for fish preservation for many centuries in many countries. 
The methods have developed largely according to suitable climate and 
availability of selt (Van Veen, 1953). The extended storage life of 
cured fish results from the lower water activities, as a result of 
moisture loss and salt uptake, and in smoked products from the anti-
microbial effects of smoke and the heating involved in smoking (FAO, 
1982). 
Cured fish is of great importance nutritionally in being the least 
expensive source of animal protein available to many communities. The 
techniques used are still to a large extent traditional and carried out 
on a small scale (FAO, 1981; Hanson and Esser, 1982). Salted/dried 
fish is of major importance in Asia. Japan, Indonesia, the Philippines 
and Thailand account for the bulk of production from about 7 million tons 
of fish used for that purpose in Asia. Smoked fish is of major importance 
in Africa (FAO, 1984). 
Production data On cured fish show that about 85% of the product is 
dried and/or salted fish and about 15% smoked, as shown in Fig. 10 
(Steinberg, 1980). A very wide range of fish species are cured inclUding 
all the common mackerel species (FAO, 1984). 
Fish preservation by salting is the most widely used curing process, 
often followed by drying or smoking. It is a lengthy process which may 
take 2 to 20 days depending on the type of product and climate, however 
it is an inexpensive process requiring very simple equipment and no 
special skill (Del Valle and Gonzalez-Inigo, 1968). 
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fig.- 10: World production of dried and/or salted and smoked fish 
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A quick-salting process has been recently introduced for production 
of salted minced fish. The process consists of grinding fish mince 
(obtained using e flesh-bone separator) with continuous addition of salt 
(1 part to 3 parts of fish), pressing the ground salted material to 
14,000 kN/m2 to form coherent cakes and drying the cakes either naturally 
or artificially at 37°C. The dry salted minced fish cake heve been 
found to be indefinitely stable without the need for additives. The 
final product contains about 30~ protein, 20% salt~ 45~ moisture 
(Del Valle and Nickerson, 1968; Del Valla and Gonzalez-Inigo, 1968). 
According to FAO (1984) cured mackerel products totalled over 
186,000 tonnes in 1980 but decreased to only about 127,000 tonnes by 
1982 (see Table 6). This decrease reflected the general decline in 
mackerel catches between 1980 and 1982. The major type of cured 
mackerel product is salted/dried with smoked representing only about 
10% (fAD, 1984). 
Minced fish 
The most common way of separating edible flesh from the fish .is by 
filleting, but a greater amount of flesh can be recovered in the form of 
a coarse mince by putting either the unfillsted fish, or the waste left, 
through a flesh-bone separator. flesh-bone separator techniques have 
been fully reviewed (Martin, 1980). It should be noted that 
minced fish produced in a hygienic manner h'as the same initial quality 
as the raw material, no matter which parts of the fish are used (Keay, 
1979), and can be preserved by normal fish preservation techniques, e.g. 
freezing, curing. 
Minced fish is a raw material which has attracted considerable 
attention from food manufacturers over the last twenty years. The reaSons 
are two-fold: the first is that large amounts of minced fish have come 
to the world market during that period and the second is that it is only 
40-50% of the price of fish fillets. However, use of minced fish as a 
replacement for fillets in products has limitations as mince does not 
have the same textural properties as fillets arid various quality losses 
can occur rapidly during storage (Rodege·~Al •• 1980). On the other hand, 
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minced fish products have the advantage that they offer an opportunity 
to exercise greater control over flavour, appearance and keeping quality 
by the incorporation of additives. Rancidity in fatty fish, for example, 
can be controlled in minced fish products by intimate mixing with 
permitted antioxidants (KeaYr 1979). Tanikawa and co-workers (1969) 
tested various starches, casein and a variety of other agents for their 
ability to decrease thaw drip and improve elasticity. They found that 
a combination of sugar and polyphosphate were among the best and most 
economical agents for minimizing protein denaturation and maintaining 
product quality. 
It has been reported that the storage life of frozen. mince made 
from good quality cod and haddock flesh is at least 6 months at _300 e 
or 3 months at _20 0 e without any significant loss of sensory quality, 
but some fish minces have much shorter cold storage lives (Keay, 1979). 
The effect of additives on the stability of frozen minced mackerel was 
studied by Tanikawa ~Al. (1969). 
In Europe a number of products have been developed from minced fish 
over the last twenty years, for example fish fingers (containing up to 
100~ of minced fish). fish cakes, fun fish which are shaped like small 
fish, fish pastes, canned pates, canned minced fish, fish balls ("fish-
ballon" in Scandinavian countries), and fish rolls which are very like 
corned beef(Young, 1960; Baker and Darfler, 1960). 
Production of salted/dried minced cakes has been suggested as a 
eui table method· for processing low value fish in developing countries. 
However, the procedure is etill under. investigation with respect to the 
stability of the products and the techniques of processing (Dhatemwa, 
-1961; Bigueras, 1963). Mackerel (~. scombrus) mince has been investi-
gated by Akande (1984) who developed various salted/dried products. 
Rancidity development in such products is described below (Section 2.3.3). 
Minced fish products still have not gained the same acceptance as 
minced meat products, because: e) the traditionalism of consumer taste; 
b)-insufficient market promotion and education, and c) food technologists 
have not succeeded in creating sufficiently attractive fish products 
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(Young, 1980). However, minced fish may play a very important role in 
the technological development of fish products over the next decade and 
developing countries are expected to play an increasing role in the 
production and use of such products (Slavin, 1960). 
2.2.6 Fish prgducts for animal feed 
The traditional method of utilising fish material including mackerel, 
for animal consumption is the fish meal process. This involvee cooking 
the raw material, pressing out water and oil and drying the remaining 
material (Windsor and Barlow, 1961). Ths process has high capital costs 
and high energy requirements which has led to the development of alter-
native products such as fish silage for utilising low value fish material 
(Disney .ll.!!l.., 1977). 
fish silage can be defined as a liquid animal feed product made from 
whole fish or parts of fish to which no other material has been added 
other than acid. Liquefication of the fish mass in brought about by 
enzymes already present in the fish with the acid added to inhibit 
spoilage bacterial action (Tatterson and Windsor, 1974). The product 
is stable liquid, with a malty odour, and has very good storage character-
istics. It is mainly used for pig and poultry feeding (Disney et Al., 
1978). 
Production of fish silage involves mincing the material well, 
adding sufficient acid for preservation and then ensuring that the whole 
is well mixed so that the enzymes naturally present can digest the 
material under the favourable condition provided by the acid, usually 
formic acid, at a pH of approximately 4. Other acids that are used 
" include sUIJ)!lriC. and hydrochloric.ac ids· . 
An alternative approach is biological silage in which bacteria 
(Lactobacilli) are used to ferment carbohydrate material to lactic acid 
which lowers the pH to approximately 4.5. The carbohydrate added to 
silage can be molesses, cereal meal, tapioca meal etc. (Disney ~ al., 
1977) • 
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The equipment required for silege production is relatively simple 
requiring little capital investment. The besic equipment for formic 
acid product silage is illustrated in fig. 11. If oil is not separated 
out, fish silage has virtually the same composition as the fish from 
which it is made (see Tabls B). Thus the oil content could be up to 
30~ depending upon the spscies end the time of year. Oil separation may 
be desirable for three reasons: a) very oily meterial may be unsuitable 
as a feed stuff as it could cause a fishy taint in the flesh of animals 
fed upon it; b) rancidity development could be possible (see Section 
2.3.4); c) fish oil is commercially valuable and although the separ-
ation process is expensive relative to the overall silage process, it can 
give additional revenue. Separation is carried out normally within 
24 hrs after the material has liquefied (Windsor and Barlow, 19B1; 
Reece, 1981; Disney ~~., 1977). Silage may be dried before feeding, 
however liquid feeding systems have certain advantages over dry feeding 
including reduced labour and energy costs and improved animal performance 
(Disney ~ ~., 1977). 
The production of silage from mackerel (~. scombrus) has been 
studied in detail by Reece (1981). He noted that the ensilage of 
mackerel muscle, liver and gonads alone resulted in a liquefied product 
with a much clearer oil than whole fish silage. Also removal of blood 
fro~ mackerel prior to acidification resulted in a decrease in the 
subsequent pigmentation of the oil during ensilage. However, such pre-
processing increases the cost of the silage. 
The main advantage of fish silage over fish meal is that it can be 
produced on a small scale with simple equipment, eg oil drum scale, 
hence high capital costs do not need to be incurred and small units can 
be set up near the fish landing and processing sites. Even when fishmeal 
Fig; 11: Diagram showing sequence of fioh silaQe production and de-oiling 
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Table B: .~: ~Proximete composition of various type of fish silage 
Crude protein 1%) 
IN x 6.25) 
Oil content 1%) 
Moisture content 
(%) 
Ash content (%) 
Sprat Sprat 
de-
oiled 
15.5 11.4 
13.0 2.0 
69.4 76.0 
2.2 2.5 
Tlll2~ o~ §i,l.§g~ 
Herring Herring Sand-eels 
offal offal 
de-oiled 
13.5 14.5 15.4 
6.7 2.0 13.4 
75.4 60.6 77.7 
2.6 2.6 2.4 
Sand- Mackerel White 
eels fish 
de-oiled offal 
15.6 16.9 1S.0 
2.0 12.0 0.5 
76.6 70.2 76.9 
2.4 2.1 4.2 
Proximate analysis do not necessarily add up to 100% but are normally within 2% of it. 
Source: Windsor and Barlow, 1961. 
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plants are established in a country, silage can be preferred over 
meal production when (i) high transport costs would be incurred in 
sending material to a fish meal plant, (ii) the capacity of established 
plants can not cope with peak supply, (iii) there are severe restrictions 
due to the odours produced at fish meal plants (iv) there is a local 
animal production industry that is willing to use silage thus avoiding 
the expense in distributing silage compared to meal. (Windsor and 
Barlow, 1981). However, fish silage is at present a relatively new and 
unknown commodity, particularly in developing countries, and its 
potential has still to be fulfilled. 
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2.3 EffECT Of PROCESSING AND STORAGE ON fISH LIPIDS 
The two lipid deterioration processes frequently found to occur 
during processing and storaga of fish are hydrolys'~,s~ and autoxidation. 
These processes are not important for unproceased fistietored at' amb'ient 
or chilled temperatures since bacterial spoilage i~: a ,'far more rapid 
process at such temperatures (fAO, 1981). However, "for the long term 
stored products, discussed below, in which bacterial'spoilage is 
suppressed, then these lipid changes can be of impo,rtance. As discussed 
above, in Section 2.1.4, lipid hydrolysis does not',directly lead to loss 
of nutritional value" whereas autoxidation can lead:~to :lossof nutritional 
value, in particular loss of nutritionally important.f;;tty acids. 
Many results have, been reported on lipid hydrolysis during fish 
processing and storage, measured in terms of free fa'ttY,acid, and on the 
degree of autoxidation in fish products, 
Value or Thiobarbituric Acid Value (TBA) 
measured -in ~ terms of Peroxide 
-.- . -
(as discus~ed'be16w). However, 
relatively few results have been reported on changes'inthe fatty acid 
composition of lipid during processing and storage.:, 
2.3.1 Canned fish 
Saavedra Cano (1981) carried out adatailed study-:Cif chan-ges in lipids 
during canning of Atlantic mackerel. He concluded t.h.at,.the pre-process 
operation of brining, where the fillets are soaked or_immersed in 
saturated brine for 10 minutes increas~s the Peroxid'~;Vaiue by an 
average of 26%. The heat processing of the cans wa's:'foUlld to decrease 
the Peroxide Value by an average of 36%. The Iodin'e,'~Acid and Saponific-
ation Values were not significantly af"fected by th~::o~~rations 'of 'brining' 
or heat processing. The storage of cans after heat. p~'-ocessing'for 
periods ranging from to 6 months did not significantl';::increase, the 
Peroxide Value or Acid Values. The fatty acid composition was not found 
to be significantly affected by the brining or heaF,p.:rocessing 'except 
for eicosapentaenoic acid (C20:S) which showed a ver,y'small decrease 
(- 4%) due to heat processing. 
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It hes also been reported that no marked degradation of polyun-
eaturated fatty acids occurred during the canning of three species of 
tuna: skipjack tuna (Ketsuwonus pelamis), albecore tuna (Thunnus germo), 
and blue fin tuna (Thunnus thynuus) (Priestley, 1979; Roubal, 1963). 
However, cennimg of mandi (Pimelodus c1arias) in tomato sauce or efter 
smoking in tomato sauce or oil waS reported to cause e decrease in 
myristic C14 ,I.D~ myristoleic Cl.4:'" pentadecanoic C'5 :0, palmitoleic 
q6:~, heptadecanoic Cn:O and heptadecenoic C17~~ acids, and an 
increase in pelmitic C~6:0, oleic c,eq end linoleic C1e:2 acids 
(Andrade and Lima,' 1980). 
further data is required in order to clarify whether changes in 
fatty acid composition occur during fish canning. 
2.3.2 frozen fish 
2.3.2.1 frozen whole fish and fillets 
During the storage of frozen fish, hydrolytic cleavage of lipid is 
an important factor contributing to the quality deterioration of the 
product. free fatty acids produced during lipid hydrolysis are thought 
to be involved in protein deterioration leading to tough, stringy 
texture and high drip loss on cooking (Hardy, 1980). The phospholipid 
fraction appears to hydrolyse most rapidly, for example, it was found 
with the Indian mackerel (Restre11iger kanegurta) during storage at 
o 
-18 C for 150 days that only the phospholipid showed breakdown, the 
hydrolysis rate being highest at the initial stages of storage, as shown 
in fig. 12 (ViswanathanNair" Gopakumar and Rajendranathan Nair, 1976). 
During cold storage, lipid autoxidation, although extremely slow, 
can reduce the acceptability of both lean fish and fatty fish. In the 
flesh of lean fieh, such as cod, the production of ~-4-heptenal can 
lead to cold store flavour which can maka the fish unacceptable (Hardy 
~ ~., 1919). In fatty fish a typical linseed oil odour is produced 
making the fish unacceptable more rapidly than for lean fish (Labuza, 1971), 
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FiW' 12: Phospholipid end free fatty acid content of the flesh of 
mackerel (Rastrelliger kanagurh) during storage at -1 aOe 
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Source: Viswanathan Nair, Gopakumar and Rajendranthan Nair, 1976. 
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Studies were carried out on the autoxidation process in Adriatic 
and Ligurian sardines (Sardine pilchardus) stored et _200 e and _300 e 
for up to 240 days (see Figs,· 13 and 14) (Pizzocaro ~ .§!.,·1980). 
Although both types of fish are of the same species, very different 
Psroxide Value behaviour is seen, i.e. for the Adrietic sardine the 
Peroxide Velue continues to rise throughout storage, whereas for the 
~igurian sardine, it rises to 8 maximum and then falls. Such inconsist-
ent beheviour mekeethe Peroxide Valu" an unraliable meesure of rancidity 
development, as not"d by many other authors (Hardy, 1980). Pizzocaro 
II &.(.1980) ia160,noted that a\fall in' the unsaturated fatty 
acids of Adriatic and Ligurian ssrdines occurred during the storage. 
period, however they did not report which fatty acids declined. 
Many other reports have been published concerning lipid oxidation 
during frozen storage of whole fish and fillets for many different fish 
species, but little information is available on changes in fatty acid 
composition that may occur during frozen storage. 
Frozen minced fish 
The mixing of enzymes and substratss during minced fish production 
leads to more rapid lipid hydrolysis for frozen minced fish products than 
whole fish or fish fillets. Matthews, Park and Anderson (1980) found 
that in frozen minced cod at _7°e free fatty acid can increase from 4 to 
40% during 3 weeks of storage. Takama, Zama and Igarashi (1971) studied 
the increase in free fatty acids during storage of minced fish products 
o 
at -20 C. Some of their results are given in Table 9. The fish with low 
lipid content, and hence high proportion of phospholipid (Alaska pollock, 
... 11. lipid; Northern blenny, ~ 1.51. lipid), had higher values than the 
fish with higher lipid contents (Yellowtail, NS1. lipid; mackerel, 
~lS1. lipid), indiceting that phospholipid tends to hydrolyse faster 
than triglyceride, ae mentioned above for frozen whole fish. 
Various lipid oxidation catalysts, such as haem pigments and 
metallic ions from the blood, kidney tissue, belly lining, etc., are 
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Fig. 13: ""Ch!!nge!! in Peroxide Value in Adriatic sardine oil at 
-20°C and -30°C 
300 
200 
100 
o ~ ____ ~ ____ ~ ______ ~ ____ ~ __ 
60 120 180 240 
days 
fig '4: ,Changes in PerQxjd~ Value in Lipyrian §ardine oil at 
-20°C and -30°C 
b> 
"" -0-
200 
~ 100 
.. ~ I 
++++ 
o ~ ____ ~ ____ ~ ____ ~L-____ 4-__ 
60 120 lBO 240 
days 
'-
Table 9: Ch~ngeg in Acid Values of mince from various species o of fish during storage at -20 C 
Storage time 
in daye 
o 
7 
10 
14 
20 
21 
25 
2B 
30 
40 
42 
56 
60 
70 
BO 
B4 
90 
98 
110 
120 
Alaska pollock 
(Theragre.chal~ogramme) 
27.2 
42.3 
49.6 
54.4 
65.4 
60.7 
62.7 
Acid Value 
Northern blenny 
(Sticoaeus griggriewi) 
8.5 
10.6 
13.5 
13.1 
13.6 
14.3 
19.5 
YellowtBil 
(Seriola .J:U!.in.) 
6.3 
6.5 
7.2 
5.9 
7.2 
7.4 
9.0 
Mackerel 
(Scomber iapgnicYs) 
2.3 
3.5 
3.B 
3.7 
3.6 
4.8 
b 
'" 
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brought into intimate contact with flesh lipid in minced fish production, 
and the increased surface area of the flesh facilitates oxygen access, 
leading to rapid lipid oxidation in minced fish products (Drews, Rud 
and Lubeck, 1976; \iSidweU, 1980; Bremner, 1978). Autoxidation in 
minced mackerel flesh has been studied by Ke (1976), (sea Table 10). 
Peroxide Values end TBA values were found to increase rapidly during 
storage for the four types of mince examined, with the skin-on fillet 
mince giving more rapid increase than the skinless fillet mince. Anti-
oxidants were shown to be effactive in reducing the rste of rancidity 
development. 
Takama ~~. (1971) reported the effect of storage at _200 C on 
fatty acid composition of minced mackerel for up to 110 days, with class-
ification into neutral lipid, phospholipid and free fetty acid, as shown 
in Table 11. No clear changes can be seen in the fatty acid composition 
during storage. It would appear that the analytical technique used had 
insufficient precision to ascertain any changes that had occurred. 
2.3.3 Cyred fish 
2~3.3.1 Traditional cured fish 
A few studies have been carried out on lipid hydrolysis in cured 
fish. for example, lipid hydrolysis has been studied in cod flesh during 
both light salt curing (Gasp~ cure) and heavy salt curing. In the 
former process, lipid hydrolysis was progressive throughout the curing 
process, whereas with heavy salting, it occurred mainly in the early 
stages. In both cases lipid hydrolysis ceased when the lipid contained 
about 5D~ of free fatty acid (see Table 12). 
Lipid autoxidation has also been shown to occur rapidly in cured 
fish, particularly in the presence of salt and when sun-drying is carried 
out. Badly affected fish have a very disagreeable odour and flavour, 
the lipid becomes gummy, and the flesh a yellow. rusty colour. flavour, 
as a result of both autoxidation and hydrolysis, may vary from that of a 
mild cod liver oil to an acrid, burning or painty taste. 
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Table 10: The development of rancidity in frozen minced mackerel at _15 0 C 
Source of mince 0 
Headless-dressed 3.7 
Frame (headless-dressed) 6.5 
Skin-on fillet 3.5 
Skinless fillet 3.2 
Headless-dressed 
+ 0.02% BHA 
Headless-dressed 
+0.02% TBHQ 
BHA = Butylated hydroxy anisole. 
TBHQ= Tertiary butylhYdroquinone. 
Peroxide Value 
1 3 
(Months) 
5.4 10.9 
7.4 12.1 
7.9 19.7 
6.1 11.9 
3.6 5.0 
1.8 3.4 
TBA Value 
6 0 1 3 
(Months) 
22.9 3.4 4.5 6.9 
19.6 3.5 3.2 10.6 
33.5 4.6 5.1 B.8 
17 .3 5.0 4.6 6.1 
10.8 4.6 5.0 
4.9 3.2 4.4 
6 
12.5 
15.7 
13.8 
9.4 
7.1 
5.7 
, . 
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Table 11: Changes in lipid in the minced flesh of mackerel, (5. iBQoni~u§) 
durin 9 storage 0 at -20 C 
Fatty Days· 
acid Class* 0 5 20 40 BO 110 
N 2.6 3.7 7.B 2.9 4.0 4.1 
14:0 F 4.5 2.9 2.4 2.6 2.4 1 .7 
P 1 .1 1.7 3.2 0.9 1.3 0.9 
N 26.2 35.2 30.0 25.5 23.6 25.5 
16:0 F 29.0 32 .1 23.B· 23.5 22.1 21.7 
P 4B.2 31 .B 1B.3 35.5 3B .1 35.2 
N 9.1 6.2 10.0 6.5 7.0 7.8 
16: 1 P 8.4 7.9 7.5 7.9 7.9 8.0 
P 4.1 4.3 4.2 5.5 4.5 1 .3 
N 6.4 5.5 4.8 5.2 5.9 7.4 
1810 F' 12.1 11.3 8.7 8.5 6.8 6.6 
P 21.6 29.4 17 .2 22.4 18.0 21.9 
N 33.8 27.5 30.2 28.2 38.8 35.4 
18: 1 F' 24.1 31.7 31.8 31.7 34.0 31.6 
P 18.4 21.9 20.0 25.8 21 .4 26.2 
N 7.2 6.0 5.1 6.5 6.9 7.2 
20: 1 F' 4.5 4.4 5.5 6.1 6.7 4.7 
P 1 .9 2.2 1.0 3.0 1.9 2.2 
N 4.5 3.0 3.1 4.8 7.0 4.9 
20:5 F' 1.5 1.7 5.6 3.2 4.6 7.1 
P 0.5 3.0 1.0 
'N 4.8 3.0 2.0 5.6 
22: 1 F' 1.0 0.7 3.0 2.8 1.5 
P 0.5 0.4 
N 1.4 7.8 1.3 
22:6 F' 1.8 3.5 6.5 1.3 
P 0.8 1.9 1.4 
* N z Neutral lipid; F _ Free fatty acid; P = Phospholipid 
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Table 12: Production of free fatty acids in the lipide of cod flesh 
during the preparation of salt cod 
Light salting{G.sp~ cure) 
5ample 
fresh fish 
After salting period 
(48 hours) 
After first drying 
(36 hours) 
End of drYing* 
process 
ffA 
(% in lipids) 
13.1 
21.0 
34.7 
50.4 
Heavy salting 
Sample 
Half way in salting 
period (10 days) 
End of salting period 
(18 days) 
After first period of 
drying (36 hours) 
End of drying* 
process 
ffA 
(% in lipids) 
45.5 
41.0 
52.2 
* Not specified by authors and depends on moisture content desired and 
drying conditions. 
Source: Lovern, 1961. 
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Hanson ~Al. (1964) obtained Peroxide and TBA Values for 14 
samples of salted/dried fish from 5E Asia. All the samples were 
assessed as being very rancid on the basis of appearance and odour, 
however tha Peroxide Values were relatively low (5.6 to 43.1 mEq/kgl 
and similarly for the TBA values (0.14 to 1.92 mg MA/kg). This lack of 
agreement between sensory assessment and Peroxide Values and TB~ values 
during storage is discussed below for salted/dried minced fish. 
No results have been reported for changes in fatty acids during 
salting and drying or other curing processes. 
2.3.3.2 Cured minced fish 
There is very little information available on the effect of process-
ing and storage on lipid hydrolysis in salted/dried mince fish products, 
but a few studies have been carried out on lipid autoxidation. 
Poulter and Disney (1977) studied the rancidity development in 
salted/dried ~ince cakes of various fish species including ch ambo 
(Tilapia lidole). The cakes were made from minces with addition of 5 
to 20~ salt. The Peroxide Values and TBA Values were determined for zero 
storage time and after six months. Higher initial Peroxide Values were 
recorded for cakes made from minces with 15 and 20% added salt than those 
made from minces with lower concentrations ~Table 13). After six months 
lower Peroxide Values were obtained for all salt levels, presumably due 
to hydroperoxide breakdown. Very low TBA Values were obtained after six 
months storage, possibly due to malonaldehyde reacting with other 
constituents of the fish mince. 
Del Valle (1974) studied rancidity development in salted/driad mince 
cakes of skipjack (Katsuwonus pelamis), mullet (Mugil cephalus), Spanish 
mackerel (Scomberomorus sierra) and shark IMustelus mustelus). Two 
different drying methods were used, sun-dryin~ and tunnel drying (see 
figs. 15 and 16). from the results it can be seen that all the salted/ 
dried mince cakes tended to have increasing TBA Values with time, although 
there wera differances between species. In the case of skipjack mince 
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Table 13: Changes occurring in Bslt/chambo cekes dyring drying and 
6 months 9f storage at ambient temperatures' 
Time of Peroxide 
Sample storage Water vdue TBA 
(months) (" w/w) . mEq/kg mg MA/kg 
Mince 74.4 lS.6 
Ih::! cd aal:ti 
C5Ike=* 
5" salt 19.1 40.4 
10" salt 0 27.5 40.9 
15% salt 6.2 162.4 
20" salt 3.6 165.4 
5" salt 16.2 11.2 0.06 
10% salt 6 23.3 16.6 0.16 
15)1, salt 6.6 19.4 0.15 
2010 salt 5.6 23.2 0.26 
* Salt content refers to that added to the mince, i.e. 5% indicates 5 9 of 
salt added to 100 9 of mince. 
Source: Poulter and Disney, 1977. 
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·Rancidity index versus time for sun-dried mince cakes 
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cakes, which had tha highest TBA Values, tha presence of haematin pigments 
was undoubtedly e fector in increasing the susceptibility to rancidity. 
Tunnel-dried mince cakes were less rancid than those sun-driad cakes. 
This differenca was suggested as being due to the shorter drying time 
required in the tunnel-drying thsn in the sun-drying as well as to 
possible catalytic effects of sunlight on the autoxidation process. Photo-
sensitised oxidetion (see Section 2.1.4) mey also be involved. 
Eshiet (1984) studied lipid oxidation in salted/dried minced mackerel 
(.§.. !!!;omtl:t:u~ ) and reported high initial Peroxide Values end TBA Values, 
both of which decreased on storage. 
Changes in fatty acid composition during production and storage of 
cured minced fish products have not been reported. 
2.3.4 fish produ!;ts for animal feed 
During fish meal production and storage, it is well kno,m that 
rapid lipid hydrolysis and a high degree of lipid oxidation occur. It 
is standard practice to add large amounts of antioxidants such as ethoxy-
quin, and BHT (butylated hydroxy toluene) to retard lipid oxidation process 
(Windsor and Barlow, 1981; March,·ll.E.l., 1965). 
Changes have also been shown to occur in the lipid component of 
silage during production and storage. 
shown that the free fatty acid content 
first week of storage, particularly at 
This is clearly shown for sprat silage 
Tatterson and Windsor (f974) have 
increases very rapidly during the 
o temperatures of 20 C and above. 
in fig. 17 l Disney II .E.l. ,. 1977). 
Table 14 shows that the free fatty acid content of silage increases about 
four-fold after a year; o the increase being significantly greater at 23 C 
o than 2 C. The Iodine Value decreases during storsge indicating lipid 
oxidation, and again the changes are greater at the higher temperature, 
except surprisingly for sand-eel silage. No studies hava been reported 
on changes in fatty acid composition during fish silage. 
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Table 14: Changes in the oil during storage of fish silage 
T:tl!e of Silage 
Whole Whole He~ring Whola Whole 
Analysis 
sprat herring offal lIand-eels mackerel 
2°C l30C 2°C 23°C 2°C 23°C 2°C 23°C 2°C 23°C 
free fatty acid 
(as oleic acid) 
1) at start 6.6 6.6 5.0 5.0 2.7 2.7 4.2 4.2 6.1 6.1 
2) after 12 
months 17.4 20.0 lB.7 21 .4 7.9 12.6 21.5 25.7 12.1 17.2 
Iodine value 
,) at start 135 135 147 147 147 147 175 175 163 163 
2) after 12 
months 123 114 124 104 11 0 'lOO 94 145 142 lOB 
Source: Tatterson and ~Iindsor, 1974. 
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Fig. 17: Free fatty acid content of extracted oil during storage of 
sprat silage 
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2.4 AIM Of THE PRESENT WORK 
Although it is well known that during fish processing and storage 
lipid oxidation occurs, relatively little relieble information is 
evailable on the resulting changes in fatty acid composition. The 
nutritional significance of several of the polyunsaturated fatty acids 
has become more appersnt aver the .last ten years. Since such fatty 
acids are very susceptible to lipid oxidation, it is importent to 
determine whether losses occur during fish processing end storage. 
The aim of the present work is to assess the effect of processing 
and storage on the nutritionelly important fatty acids in fish. 
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3. EXPERIMENTAL 
3.1 MATERIALS 
The mackerel (Scomber skombrus) were caught by long line in the 
English Channel off Brixton, Devon. They were iced, transported by 
lorry to the Humberside College, Grimsby, where they were received about 
two days after capture. Eech batch was processed on the day of arrival. 
U6 opan top food cans, siza 300 x 207, produced by Metal Box Ltd., 
were used for the canned mackerel. 
Refined white granulated sugar for general use produced by 
British Sugar Corporation, polyphosphats (Puron fG 3 ) produced by 
Albright and Wilson Ltd., and food salt for general use, produced by 
British Salt Ltd., were used in preparing the minced fish products. 
3.2 EQUIPMENT 
A Millwall vertical stationary retort, made by John fraser 
, 
London E14, with a recorder, Type Z-9-CTf Electro Laboratoriet 
Copenhagen, for 
A Novasina 
f calculations, was used to sterilise the canned product. 
o 
Humitec water activity meter Type EEJA-3/BAG, was used 
to measure the water activity of salted/dried fish. 
A Shimadzu GLC_RIA, Gas chromatograph with Shimadzu data GC-l 
processer, was used for most of the gas chromatographic analysis. 
1 Columns used were: a stainless steel column, 2 metres long, /6 inch 
diameter containing 10% S~-2330 liquid phase on 60/100 mesh chromosorb 
1 W-AW, and a stainless steel column, 2 metre long, /6 inch diameter 
containing 10% SP-2340 liquid phase on 80/100 mesh chromosorb W-AW. 
A Perkin-Elmer Sigma capillary column gas chromatograph with data 
station was used for same confirmatory work. The column used was 
supplied by the Ohio-Valley Company. This was a 25 m non-polar OV10l 
column, I.D. 0.33 mm. A split injector was employed, with isothermal 
operetion at 2100 C. 
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3.3 BIOMETRIC MEASUREMENTS 
The length of the mackerel was measured as the distance between the 
anterior tip of the head and the tips of the caudal fins. Weights were 
obtained for the whole mackerel, the eviscerated mackerel and the fillets 
with skin. The left fillets were processed and the right fillets were 
used as controls, except for Batch D when the left fillets without skin 
were used as controls for the sslted/dried mince experiments. 
3.4 PROCESSING METHODS 
3.4.1 Canned fish 
Mackerel fillets (left fillets with skin) were soaked in a saturated 
brine solution at 12 to 14°C for' 10 minutes. The fillets were rinsed 
with fresh water and excess water was allowed to drain off for 30 
minutes at room temperature. Each of the fillets was placed in a US can, 
filled with 2% brine solution, and immediately vacuum seamed and 
sterilised. The sterilisation car-ried 0 was out at 115 C for about 95 
minutes which gave an 
cold water, dried and 
f value of 10. The cans were cooled down with 
° stored at room temperature. 
3.4.2 frozen fillets 
The raw fillets (left fillets with skin'> were washed and placed in 
plastic pouches. 
o . 
-40 C 1n a blast 
The pouches were vacuum sealed immediately, 
o freezer for 5 hours and stored at -30 C. 
3.4.3 Frozen minced fish 
frozen at 
frozen minced fish was prepared by a method based on that of 
Tanikawa, Motothiro and Akiba (1~69). Raw fresh fillets (left fillets 
with skin) were used. Tha musc1e'was separated from bones manually, 
rinsed with running water to remove blood, and excess water was removed 
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by hand. The.fillete were minced through a 5 mm diameter Screen. After 
mincing sugar (5 g per 100 g fish) and polyphosphate (0.5 g per 100 g 
fish) were added. The minced fish wes vscuum sealed in plastic pouches, 
o 0 frozen at -40 C and atored at -30 C. 
Salted/dried minced fish 
Salted/dried minced fish was prepared by a method based on that of 
the Halifax Laboratory (Bligh, 1977). The bones and skin were removed 
manually from the raw fillsts (left-hand sids fillets), then the flesh 
was minced with salt 25 g per 100 g of flssh through a mincer with 
5 mm holes. The mixture was held for about 15 minutes at room temper-
ature, and free brine solution was removed by placing in a cheese-cloth 
and expelling excess liquid using a fruit press. The product was spread 
out in a constant temperature cabinet to dry at 37°e for 5 hrs, and then 
stored under vacuum in plastic pouches at 300 e. 
3.4.5 fish silage 
The process used was based on that dsveloped by the Humber Laboratory 
of the Torry Research Station (Tatterson and Windsor, 1974). fish flesh 
was minced through a 5 mm diameter screen. The mince was placed in a 
5 litre plastic drum and 80% formic acid (3.5 g to 100 g fish) was 
immediately added. The mixture was thoroughly mixed so that all the 
minced fish came into contact with the acid, thus aVOiding pockets of 
untreated material which could putrefy. The silage mixture was held at 
room temperature at a pH 2.9-3.8, with occasional stirring. About 10 
days were required for satisfactory. liquefaction. 
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3.5 ANALYTICAL METHODS 
3.5.1 Total lipid extraction and determination 
Lipid extraction was performed by a modification of the method of 
Bligh and Dyer (1959). 25 g of a representative minced fish sample was 
weighed in~o a 250 ml homogenising flask. The flask w'as placed in an 
insulated container, eurrounded with crushed ice and 25 ml of distilled 
water, 50 ml chloroform, 100 ml of methanol, 0.5 g of antioxidant BHA 
(butylated hydroxyanisole) were addad. The mixture was homogenised for 
2 minutes. A further 50 ml of chloroform wae added and the mixture 
homogenised for 3D seconds. finally, 50 ml of distilled water was added 
and the mixture homogenised for a further 20 seconds. The homogenate 
was poured into glass centrifuge flasks, and centrifuged for 20 minutes 
at 3000 rpm. The upper layer (water/methanol) was removed by suction. 
The bottom layer (chloroform) was transferred to a 250 ml round bottomed 
flask and the solvent was evaporated under Vacuum using a rotary film 
o 
evaporator at about 40 C. The flask was then shaken under high vacuum 
(oil vacuum pump) until constant weight was attained. 
3.5.2 Peroxide Value 
A sample of lipid (W g) was weighed into a stoppered 250 ml conical 
flask, 20 ml of chloroform and 50 ml of acetic acid'chloroform (60'40' 
volume/volume) mixture were added and, the flask was shaken until the 
lipid was completely dissolved. ml of a saturated aqueous potassium 
iodide solution was added"and the flask swirled for about 20 seconds 
then placed in the dark for 30 minutes. finally, 100 ml of distilled 
water was added, and the contents of the flask were titrated with 
0.002 M sodium thiosulphate solution. Just before the end-point was 
reached a few drops of 1~ freshly prepared starch solution was added. A 
blank was also performed. 
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The Peroxide Value was then calculated according to the formula: 
where: 
3.5.3 
Peroxide Value • 
2 x (5-B) 
w 
5 • sample titre in ml 
B • blank titre in ml. 
AC;id ValUe 
mEq/kgl 
The acid value of lipid extracts was determined by a method 
described by Pearson (1961). 1.0 g of accurately weighed extracted 
lipid (Wg) was dissolved in a neutralised diethyl. ether:ethenol mixture 
(25 ml diethyl ether, 25 ml ethanol and 1 ml of 1% phenolphthalein 
indicator, neutralised with 0.1 M sodium hydroxide) end then titrated 
with aqueous 0.1 M sodium hydroxide, with constant shaking until a pink 
colouration persisted for et least 15 sec. 
The determination was carried out in duplicate and the Acid Value 
calculated according to the formule: 
Acid Value 
where: 
3.5.4 Iodine Value 
5 
5.615 
W 
~ sample titre in ml. 
The Iodine Value was determined by the method described by Pearson 
(1973). About 0.1 g of extracted lipid was accurately weighed (Wg) 
into a 250 ml ground stoppered conical flask, 15 ml chloroform was added 
and the flask was shaken until the lipid was completely dissolved. 25 ml 
of Wijs iodine solution was added and the flask was stoppered, swirled 
and placed in a dark place for at least 30 minutes. 10 ml of fresh 10% 
potassium iodide was added and the mixture was titrated with 0.1 N 
sodium thiosulphate until e pale yellow colour was obtained, then about 
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1 ml of freshly prepared 1% starch solution was added, and titration was 
continued until the blue colour disappeared. 
The iodine determination was carried out in triplicate and a blank 
was carried out. 
The Iodine Value was calculated according to the formula: 
Iodine Value - 1.269 (B-5) W 
Where: B - blank titre ml 
5 a sample titre ml. 
3.5.5 Moisture determination 
The moisture content was determined by the method of Pearson (1981). 
About 5 g of minced, mixed sample was weighed into a previously weighed 
steel dish with a glass rod, containing approximately 15 g acid washed 
sand. 5 ml ethanol was mixed with the sample using the glass rod. 
The steel dish was heated on a water bath at 75 0 C with occasional stirring 
until all the ethanol had evaporated. The ~teel dish was then placed in 
an oven at 1030 C + 2°C and dried to constant weight (24 h was sufficient). 
3.5.6 Preparation of fatty acid methyl esters 
The fatty acid methyl esters (FAMEs) were prepared by a method based 
on that of Metcalfe, Schmitz and Pelka (1966). Approximately 150 mg of 
the extracted mackerel oil, with 10 mg butylated hydroxyanisole (BHA), 
was weighed into a 50 ml round bottomed flask. After 2 ml of toluene 
and 4 ~l of 0.5 M methanolic sodium hydroxide had been added, the mixture 
was refluxed on a water-bath for about 20 minutes. After cooling 5 ml 
of 14% BF 3/methanol solution was added to the flask and the contents 
refluxed for a further 30 minutes. After adding 10 ml of 2% sodium 
chloride solution and 20 ml of hexane (b.p. 67.7-69.7°C) the contents 
were transferred to a 150 ml separating funnel which was shaken vigorously, 
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and the layers allowed to separate. -The lower layer was drained off to 
the sama round bottom flask and again washed with 30 ml of hexane. The 
upper hexane layers from both separations were combined in a 100 ml 
round bottom flask. The-solvent, which contained the FAMEs, was 
evaporated under vacuum to about 10 ml on the rotary film evaporator. 
The eolvent waa dried by adding about 2- g anhydrous sodium sulphate. 
3.5.7 Gas chrometographie analysis 
One microlitre of the FAMEs solution was injected on to a 
Shimadzu GLC-RIA gas chromatograph with either of the two columns 
described above, Section 3.2. 
2 hydrogen pressure, 0.6 kg/cm; 
Operating conditions set as follows: 
2 
air pressure 0.5 kg/cm; nitrogen 
flow rate, 20 ml/min; o injection temperature 230 C, temperature program-
o 0 
me 180 C to 220 C at a rate of SOC/min, initial period at 1800 C for 3 
minutes •. 
The FAME peaks observed on the chromatograms were identified by 
comparison with peaks obtained with FAME standards: NuCheck reference 
mixtures No.' 2A and 3A, catalogue No. SX, and "PUFA 1" catalogue No. 
4-7033 and "PUFA 2" catalogue No. 4-7015, supplied by Chromatograph 
Services, Carr Lane Industrial Estate, Hoylake, Wirral. 
3.5.8 Separation of total lipid into neutral lipid. phospholipid 
and free fatty acid 
Mallink Krocolt silicic acid, 100 mesh, labelled "suitable for 
chromatographic analysis by the method of Ramsey and Patterson" was used. 
The silicic acid was placed in a 1 litre glass beaker, absolute methanol 
400 ml was added, and the silicic acid was suspended by rapid agitation. 
The material that did not settle in 5 minutes was decanted off. The 
process was repeated with 400 ml of acetone. The silicic acid waa 
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rinsed twice with ethyl ether and ~llowed to dry in the air. The drying 
was carried out slowly in a warm, dry atmosphere, es silicic acid moist 
with organic solvents may be explosive if strongly heated. Such prepar-
ation gives yields of about 75 per cent of tha starting material (Lipsky, 
.!!lal., 1955). 
Iaopropanol-KOH reagent was prepared by the method of Keeney (1956): 
25 g of KOH pellets were diasolved in 400 ml isopropanol with warming 
and swirling, on a steam bath. The supernatanet isopropanol-KOH solution 
was decanted off from the small amount of aqueous KOH clinging to the 
bottom of the flask. After cooling the supernatant isopropanol-KOH 
solution, which contains about 50 mg KOH per ml, was stored in a refrig-
erator until used. 
5 g of the prepared silicic acid was weighed into a small beaker and 
10 ml of isopropanol-KOH solution and 30 ml of ethyl ether were added. 
After standing for 5 minutes the material was washed into a glass column 
(2 cm x 5 cm) with 100 ml ethyl ether. 
100 mg of total lipid extract was applied to the silicic acid column. 
The neutral lipid and free fatty acid were eluted with 100 ml of chloroform 
and the phospholipid with 150 ml at a mixture of chloroform and methanol 
(1:9 v/v). Solutes were isolated using a rotary evaporator with high 
vacuum line. The neutral lipid and free fatty acid eluate was then 
separated using the method of McCarthy and Duthin (1962). The eluate was 
dissolved in a small quantity of ether and washed into a silicic column 
with several small portions of ether. The neutral lipid was eluted with 
150 ml of ethyl ether. The free fatty acid retained on the column was 
removed by eluting with 50 ml 2% (v/v) formic acid in ethyl ether, 
followed by 100 ml of ethyl ether. The lipid fractions were converted 
to methyl esters by the method described in Section 3.5.6. 
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4. RESULTS AND DISCUSSION 
4.1 GENERAL ASPECTS AND EXPERIMENTAL DESIGN 
Losses in nutritionally important fatty acids were investigated 
during production and storage of the following products; canned fish, 
frozen fish fillets, frozen minced fish, salted/dried minced fish and 
fish silage. The two main factors that determined the choice of 
products investigated were:· their importance or potential importance 
in utilisation of the world fish catch, and their susceptibility to 
lipid oxidation. 
Csnned fish is utilised for human consumption on a large scale 
and although lipid oxidation is not expected to occur under the 
anaerobic conditions of long term storage, there is the possibility of 
lipid degradation during the processing operations and initial storage 
period. 
Frozen fish is also utilised on a large scale for human consumption 
and lipid oxidation during storage is of great importance being often 
the parameter limiting storage life. Frozen fish fillets are taking 
an increasing share of the frozen fish market and therefore were used 
in this study rather than frozen whole fish. Minced fish is becoming 
increasingly important in fish utilisation and tends to be more prone 
to lipid oxidation than whole fish or fillets. Hence frozen minced fish 
was also investigated. 
Curing is an important method for fish preservation world-wide and 
lipid oxidation tends to be rapid in such products. Processing methods 
differ widely and salt uptake and moisture loss tend to vary throughout 
the product. Salted/dried minced fish was used in this investigation 
rather than any particular cured whole fish product in order to have a 
homogeneous material. Smoked fish is of far less importance compared 
to salted/dried minced fish and was not investigated. 
Although fish meal is the most important of fish products for 
animal feed, processing normally involves removal of most of the lipid 
{fish oill, the remaining lipid being stabilised against lipid oxidation 
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by addition of antioxidants. However in fish silage production, the 
lipid normally is not removed. Since fish silage is becoming more 
important and is very susceptible to lipid oxidation, it was investigated 
in this study rather than fish meal. 
Atlantic mackerel (~. scombrus) was chosen for this investigation 
for the fOllowing ressons: 
i) It is a typical fatty fish with a high lipid content that 
is known to be very susceptible to lipid oxidation. 
ii) It is readily available in the UK throughout the year with 
landings higher than for any other species. 
iii) Several similar species are caught in large quantities 
throughout the world. 
iv) It is processed by a very wide variety of methods including 
canning, freezing, curing and fish silage production. 
However, seasonal variation in lipid content in fatty fish such 
as mackerel, can cause difficulties in comparing results between batches, 
as discussed below. 
The mackerel used in this investigation were caught in the English Channel 
between October 1983 and April 1984. Five batches were used and the 
detailed biometeric measurements obtained for each batch are given in 
Appendix 1 and summarised in Table 15. The batches showed wide 
variation in mean length, from batch D fish with mean length 32.9 cm 
to batch B with mean length 38.6 cm. Correspondingly, the mean fish 
weights varied from batch D fish with mean total weight 251.4 to 
batch B mean total weight 510.8 g. The eviscerated weights, which give 
an indication of sexual maturity, were 92.7%, 95.n~, 93.0%, 90.1'''; and 
92.3% of the total weights for batches A, B, C, D and E respectively, 
indicating, as was observed to be the case, that batch D fish were 
spawning. These differences in lengths, weights and sexual maturity 
have to be taken into account when comparing results between batches. 
Each batch comprised between 10-25 fish, and these in turn were divided 
into groups of four or five fish (see Table 16). 
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Table 15: Summarv of biometric data for fish batches· 
Date Number Mean Mean weights, g 
Batch of of length Whole Eviscerated 
A 
B 
c 
D 
E 
• 
t 
capture fish cm fish fish 
November 10 33.7 323.6 300.0 
1983 (0.7) (21.2) (19.7l 
November 25 38.6 510.8 485.8 
1983 ( 1 .2 ) (55.1 ) (56.1 ) 
December 20 37.0 458 425.8 
1983 (0.9) (38.3) (40.7) 
April 20 32.9 251 .3 226.5 
1984 ( loll (38.2) (27.1) 
October 25 33.6 322.8 298.0 
1983 ( 1 .0) (40.8) (40.1) 
Standard deviations are given in parentheses • 
The batch D left fillets were split into flesh and skin. 
The mean weight of flesh was 53.7 g (9.9), and of skin 
11.9g(2.4). 
Right 
fillet 
112.5 
(4.9) 
182.0 
(21 .5) 
161 .8 
(14.0) 
65.9 
(10.2) 
129.1 
(20.4) 
Left 
fillet 
113.0 
(5.4) 
177.5 
(22.6) 
166.0 
(16.0) 
65.3t 
(9.1 ) 
133.1 
(16.3) 
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Table 16: Scheme of experimental work 
B"tches S"mples Group Codes Products 
Left fillet A"A2 Canned A Right fillet A"A2 ControlL 
Left fillet B, ,B2,B 3,B 4 ,BS frozen fillet B 
Right fillet B"B2 ,B 3,B4,BS Control 
Left fillet C"C2 ,C3 ,C4,CS frozen mince C 
Right fillet C"C2 ,C3,C4,CS Control 
Left flesh D"D2,D 3,D4 Salted/dried 
mince 
Left flesh D"D2 ,D 3,D4 Control D 
Left skin D "D2,D 3,D4 
Right fillet D
"
D2,D 3,D 4 Control 
Left fillet E (combined) Silage 
E Right fillet E"E2,E3,E4,E 5 Control 
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Individual variation-between fish was compensated for in this 
investigation by processing the left fillets whilst the right fillets 
in each case (except for batch D) were used as controls, as shown in 
Table 16. No significant differences have ever been reported in the 
composition of left and right fillets of fish. For all the products 
except salted/dried mince the skin was included with the flesh in 
products and the controls. For the salted/dried mince, batch D, minced 
flesh was used without skin end the control was a sample of the left 
fillet flesh rather than the right fillet. 
Analysis was carried out on the initial material, the controls, 
and on the processed and stored material. Assessment of changes in 
the lipid content of the fish were carried out by stsndard analytical 
procedures, i.e. total lipid, Peroxide Value, Acid Value, Iodine Value, 
and by determination of nutritionally important fatty acids by gas 
chromatography. 
The nutritionally important fatty acids assessed in this study were 
linoleic acid (C18:2n-6), linolenic acid (C18:3n-3), arachidonic acid 
(C2o:4n-6), eicosapentaenoic acid (C20:5n-3), and docosahexaenoic acid 
(C22:6n-3). In addition stearic acid (C18:0) and oleic acid (C18:1n-9) 
were determined as internal standards. 
Packed column gas chromatography was preferred to- capillary column 
gas chromatography, since the packed column technique was found to give 
more consistent results and also an auto-sampling facility permitted 
more replicates to be carried out than would have been possible by 
capillary column gas chromatography. Two different packed columns were 
used: 10% SP-2330 on 80/100 chromosorb W Aw and 10~ SP-2340 on 80/100 
chromosorb W AW. The less polar colunn, the SP-233o gave good resolution 
of C18:1n-9, C18:2n-6, C2o:Sn-3 and C22:6n-3, but did not resolve the 
C18:3n-3 and C20:4n-6 fatty acids; these were determined using the 
SP-234o column (see Appendix 2 for typical chromatograms). The same 
temperature programme was found to be suitable for both columns, details 
are given in Section 3.5.7. 
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C18:0 was chosen as an internal standard, however when using the 
SP-2340 ~olumn, results were'calculated initially with respect to 
C18:1n-9 which was a well resolved peak, and then recalculated relative 
to C18:0, which wes not so well resolved, using the C18:0/C18:1n-9 
ratio obtained using the SP-2330 column. 
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4.2 ANALYTICAL DATA AND fATTY ACID COMPOSITION fOR CONTROLS 
Analytical dats for the controls (the un processed right fillets of 
the fish) are given in Table 17. Total lipid content in mackerel shows 
sessonal variation, with the lowest values usually found during the 
spawning period, April-July, and the highest values during October-
february (Ackman, 1960; Hardy and Keay, 1972). The results obtained 
in this investigation agree with reported values, with the lipid 
content of the April catch by 9.1~ and the lipid content of October, 
November, December batches being 16.J-19.6~. No significant differences 
were found between batches for the Peroxide Value. The results obtained 
are not untypical of those reported previously for mackerel stored for 
about 2 days in ice after capture (Smith, Hardy and Young, 1960). The 
mean Acid Value is significantly higher (p<:5%) in batch D than in 
other batches, however this probably reflects handling of the batches 
rather than any particular metabolic differences. The Iodine Value for 
batch D ~(129) is significantly lower (p<:I%) than for other batches, 
in agreement with Hardy and Keay (1972) who reported that the lipid is 
less unsaturated when the lipid content of the fish flesh is lower. 
The fatty acid composition of the lipid in the controls, the 
unprocessed fish fillets, are given in Table 18. It was found that the 
concentration of the polyunsaturated fatty acids C20:5n-3 and C22:6n-3 
in the right fillets were significantly lower (p<:5%), for the batch D. 
the fish caught in April, than for the other batches, fish caught in 
October, November and December. These results agree with Lovern (1961) 
and Ackman (1982), and who found lower levels of polyunsaturated fatty 
acid when the lipid content of the flesh was low, due to biological 
and dietary differences (Lovern, 1961). 
The fatty acid compositions of the flesh and skin of batch D left 
fillets were also determined. No significant differences were found 
except for C2D:4n-6 which was lower in the skin. 
It is clear from these results that batches A, B, C and E are very 
similar in lipid content and composition. However batch D the spawning 
fish, has lower lipid content and rather different fatty acid composition. 
This must be taken into account in comparing results between batches. 
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Table 11: Analytical data for controls. right fillet of un processed fish* 
Batch A(2) B(5) C(4) D(4) E(5) 
(Groups in batch) 
Date of captur" Nov. Nov. Dec. April Oct. 
19B3 1963 1963 1964 1963 
Total lipid 19.6 16.6 18. a 9.1 16.3 
(')I, ) (0.2) (1.11 ( 1 .7) (0.7) (O.B) 
Peroxide Value 7.4 6.9 6.3 6.4 7.5 
(mEq/kg) (0.11 (0.7) (0.3) ( 1 .6) (1 .8) 
Acid Value 1 .6 1 .6 1.6 3.8 1.7 
( 0.11 (0.2) (0.2) (0.2) (0.11 
Iodine Value 144 144 141 129 141 
( D) (0.8 ) ( 1 .0) (1 .3) (2.5 ) 
* For each of the groups in the batches the analytical data were 
determined in duplicate for the total lipid and triplicate for 
other analyses and the means calculated.' The results given 
in the Table are the batch means of these group means; standard 
deviations for the batch means are given in parentheses. 
Table lB: Concentration of nutritionally important fatty acid in lipid of controls* 
Batch (groups in batch) 
Portion of fish 
C1BI0 es % of totel 
FAMESt 
FAME area relative to 
C1B:0 • 1 
C1Blln-9 
C1B12n-6 
C18:3n-3 
C2D14n-6 
C20:5n-3 
C22:6n-3 
I polyenes f 
A(2) 
right fillat 
2.24 
(0.24 ) 
5.73 
(0.46) 
1.05 
(0.07) 
0.60 
(O.OB) 
0.14 
(0.11 ) 
3.18 
(0.25) 
4.28 
(0'.39 ) 
9.24 
B (5) 
right fillet 
2.BO 
(0.42) 
6.67 
(0.51 ) 
0.73 
(0.33) 
0.45 
(0.28) 
0.17 
(0.13) 
2.73 
(0.26) 
3.58 
(0.46) 
7.66 
C(4) 
right fillet 
l.Bl 
(0.10) 
6.50 
(0.34) 
1.14 
(0.11 ) 
0.76 
(0.14) 
0.11 
(0.02) 
3.93 
(0.15) 
5.16 
(0.41) 
11.09 
0(4) 
right fillet 
2.66 
(0.35) 
5.58 
(0.67) 
D.Bl 
(0.13) 
0.56 
(0.07) 
0.62 
(0.30) 
2.20 
(0.45) 
2.58 
(0.22) 
6.72 
0(4) 0(4) 
left fillet flesh laft fillet skin 
2.60 
(0.20 ) 
4.73 
(0.62) 
0.76 
(0.09) 
0.47 
(0.06) 
0.90 
(0.20) 
2.30 
(0.12) 
2.73 
(0.22) 
7.16 
2.50 
(0.39) 
5.93 
(0.38 ) 
0.92 
(0.13) 
0,59 
(0.04) 
O.OB 
(0.03) 
2.33 
(0.39) 
2.51 
(0.47) 
E(5) 
right fillat 
2.40 
(0.24 ) 
6.20 
(0.20) 
1.00 
(0.05) 
0.62 
(0) 
0.16 
( 0,01) 
3.00 
(0.36) 
3.92 
(0.40) 
B~6j 
* for each of the groups in the batches the fatty acid composition was determined in triplicate and the mean values calculated. 
The results given in the Table are the batch means of these group mean; standard deviations for the batch means are given in, 
, 
parentheses. 
t The C1B:D value is calculated relative to the total area under the fatty acid methyl ester (fAME) chromatogram trace (after 
the solvent peak). t Calculated from the group means 
-
• 
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4.3 EFFECT OF CANNING AND STORAGE ON MACKEREL FILLET LIPID 
Changes in the lipid'of mackerel fillet (from batch A) were 
assessed after canning in brine followed by storage for 6 months at 
room temperature. Analytical results are given in Table 19 for the 
unprocessed right fillets (the controls) and for the left fillets 
which were canned and stored. The total lipid content was slightly 
higher in the canned fillets than the control fillet, but the difference 
is not significant (p:>5~). The mean Peroxide Value was lower for the 
canned fillets than the un processed fillets although this difference 
was not significant (p:>5~). Bigger, Eskin and Vaissy (1975) and 
Saavedra Cano (1981), noted that Peroxide Value decreased on canning 
and explained the results in terms of hydro peroxide breakdown on heat 
processing (see Section 2.1.4). The mean Acid Value was significantly 
higher (p<S%) in canned fillets than the unprocessed fillet (the 
controls). This is explained as being due to hydrolysis of lipid 
during heat processing and storage (Strokova and Smirnova, 1976; 
Andrade and Lima, 1980). The mean Iodine Value for canned fillet did 
not differ significantly (p:>5%) from the unprocessed fillet (the 
controls). Similar results were obtained by Saavedra Cano (1980). 
,The concentrations of the nutritionally important fatty acids of 
un processed fillets (the controls) and canned stored fillets are 
given in Table 20 with changes in C18:0 and C18:1n-9 given for'compar-
ison. No significant changes (p:>S%) were observed on canning and 
storage for any of these fatty acids. The total of the polyunsaturated 
nutritionally important fatty acids (!polyenes _ su~ of C18:2n-6, 
C18:3n-3, C20:4n-6, C20:Sn-3, C22:6n-3) also does not show any signif-
icant change. These results do not support the finding of Andrade and 
Lima (1980), who reported large changes in fatty acids during canning 
and storage, but are broadly in line with previous work by Saavedra Cano 
(1981), who found no significant changes in fatty acid on canning and 
storage except for C20:5n-3 which,showed about 4% decrease. 
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Tablc 19: Analytical data for canned mackerel 
Samples Control Canned and stored for 
6 months 
Groups* A1 A2 Mean A1 A2 Mean 
Total lipid 19.4 19.7 19.6 20.0 20.7 20.4 
(')1, ) (0.2) (0.5) 
Peroxide Value 7.4 7.3 7.4 5.0 4.0 4.5 
(mEq/kg) (0.1 ) (0.7) 
Acid Value 1.6 1.6 1.6 2.3 2.2 2.3 
( 0.11 (0.1 ) 
Iodine Value 144 144 144 142 143 143 
(0) (0.7) 
* For each of tha groups the -analytical data were determined in 
duplicate for the total lipid content and triplicate for other 
analyses and the group means are given in the Table under the 
group codes. The batch means of these group means are also given. 
Standard deviations for the batch means are given in parentheses. 
"-Sble 201 Concentration of nutritionally important fatty acid in canned mackerel lipid 
Portion of fish Control Canned and atorad for 6 months % change 
A2 Mean Al A2 Mean 
(significance) 
relative to controls Groups* 
C18:0 aa % of total area 
fAMEet 2.07 2.41 2.24 2.08 2.39 2.24 0 
(0.24) (0.22) 
fAME area relative to 
C18:0 E 1 
C18:1nE9 6.05 5.40 5.73 5.93 5.40 5.67 -1 
(0.46) (0.37) (-) 
CI8:2n-6 1.10 1.00 1.05 1.10 1.00 1.05 0 
(0.07) (0.07) 
CI8:3n-3 0.65 0.54 0.60 0.59 0.54 0.57 -5 
(0.08) (0.04) (- ) 
C20: 4n-6 0.06 0.22 0.14 0.06 0.22 0.14 0 
(0.11) (0.11) 
C2015n-3 3.36 3.00 3.18 3.33 3.00 3.17 0 
(0.25) (0.23) 
C22:6n-3 4.55 t. DD 4.28 4.54 4.00 4.27 0 
(0.39) (0.38) 
!polyenes 9.72 6. 76 9.24 9.62 8.76 9.19 0 
(0.68) (0.61 ) 
• for" each of the groups, the fatty acid composition was determined in triplicate, and the group means are given in the Table 
under the group codes. The means given in the Table are the batch means of these group means; standard deviation for the 
batch means are given in parentheses. 
t The C18:0 value is calculated relative to the total area under the fatty acid methyl ester (fAME) chromatogram trace after the 
solvent peak. 
fSignificance of change is indicated as follows: not significant (-), significant (+), highly significant (++), very highly 
significant (+++), corresponding to p> 5';, p (5j;. p <1); and p <0.1% resp~ctively. 
* 
'-l 
'-l 
1 
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4.4 EFFECT OF PROCESSING AND STORAGE ON FROZEN MACKEREL FILLET LIPID 
Analytical data for unprocessed right fillet-(the controls) and 
left fillets (from batch B) which were frozen and stored at _30oC are 
given in Table 21. The total lipid content was not found to be 
significantly different (p:>5%) after 6 or 10 months storage. The mean 
Peroxide Values show a significant increase (p<:5%) from 7.4 to 14.8 
mEq/kg after 6 months storage and a significant increase (p<:l%) from 
6.6 to 24.5 mEq/kg after 10 months storage respectively. These results 
are in agreement with previous reports, such as: Hardy and Keay, 1972. 
Deng, Matthews and Watson, 1977; Pizzocaro,Fedeli and Gasparoli, 1980; 
Hardy, 1980. Tha mean Acid Values increased from 1.6 to 2.6 after 6 
months storage (not significant p:>5%) and a significant increase 
(p<:5%) from 1.6 to 3.7 after 10 months storage. This agrees with 
Lovern and Olley (1962) and Viswanathan Nair ~ al. (1976), who 
reported increases in free fatty acids during frozen storage with 
production mainly associated with the phospholipid hydrolysis. The 
mean Iodine Values were not significantly different (p:>5%) after 6 
to 10 months storage. This is not unexpected in that Iodine Value 
changes only pecome . apparent when large changes in Peroxide Values are 
observed (Ibrahem, 1984). 
The concentration of ·the nutritionally important fatty acid in the 
unprocessed right fillets (the controls) and the frozen stored left 
fillets are given in Table 22. Although decreases were apparent in 
some of the fatty acids after 6 and 10 months storage, the changes were 
in general small and not significant (p:>5%), over these storage periods. 
Similarly the decrease in the total polyunsaturated nutritionally 
important fatty acids was insignificant. The relatively large but 
significant decrease observed in the C18:2n-6 on storage is based on 
results with high standard deviations, and the large decrease may be an 
artefact. 
Since the normal maximum storage life at _300 C for fatty fish is 
about 6 months, these results indicate loss of nutritionally important 
fatty acid is not a major problem in frozen preservation of fatty fish 
fillets. 
Table ,1 : Anell(tical dej;a for frozen m~ckerp.l fillet liBid !jt _30oC 
Semples Control frozen fillet etored Control frozen fillet etored for 
for 6 months 10 month" 
Group· B1 B4 Mean B1 B4 Mean B2 B3 B5 Mean B2 B3 B5 Mean 
Totel lipid 17.3 19.4 16.5 16.3 20.6 19.5 20.2 19.1 16.1 19.1 19.7 16.4 17.7 16.6 
(%) ( 1 .5 ) ( 1 .6 ) (1. 7) ( 1 .0) 
Peroxide 
V!!lu!! 6.90 7.60 7.4 14.0 15.5 14.6 7.2 6.60 5.6 6.6 26.2 22.3 24.9 24.5 
mEq/kg (0.6) (1.1> (0.7) (1. 5) 
Acid Value 1 .6 1.3 1.6 2.5 2.6 2.6 1.7 1.4 1.6 1.6 3.3 2.7 3.2 3.1 
(0.4) (0.1 ) (0.1> (0.3) ..... 
'" 
Iodine Velue 144 144 144 144 143 143 143 145 145 144 142 144 142 143 
(0) (0.6) (1.13) (0.75) 
* for each of the groupe the analytical data were determined in duplicate for the total lipid content end 
triplicate for other analyees and the group means are given in Table under the group codes. 
The batch means of these group means are aleo given. Standard deviations for the batch mean" 
ere given in parentheses. 
Table 22: Concentratipn of nytritionally important fatty acid in frozen maskerel fillet lipid during mtorcg= at _300 e 
Portion of fieh Control frozen fillet .tared 
for 6 month. 
% change 
(significance) 
relative to 
Control frozen fillet stored for 
10 monthe 
Groups· 
C18:0 88 ~ of area 
FAME.t 
fAME area relatiye 
to C18:0 • 
C18:1n-9 
C18:2n-6 
C18:3n-3 
C20:4n-6 
C20: 5n-3 
C22:6n-3 
r polyenes 
2.92 
6.00 
0.90 
0.54 
0.14 
2.40 
3.80 
7.78 
3.19 
6.40 
0.55 
0.64 
0.19 
Mean 
3.06 
(0.19) 
6.20 
(0.28) 
0.73 
(0.25) 
0.59 
(0.07) 
0.17 
(0.17) 
2.50 2.45 
(0.07) 
3.00 3.40 
(0.57) 
6.88 7.33 
(0.64) 
6.30 
0.75 
0.45 
0.10 
2.40 
3.50 
3.06 
6.4 
Mesn 
3.01 
(0.08) 
6.35 
(0.07) 
0.44 0.60 
(0.22) 
0.64 0.55 
(0.13) 
0.19 0.15 
(0.06) 
2.43 2.42 
(0.02) 
3.00 3.25 
(0.35) 
6.70 6.95 
(0.35) 
control 
+3 
(-) 
+2 
(-) 
-18 
(-) 
-7 
(-) 
-11 
(-) 
-1 
(-) 
-4 
(-) 
-5 
(-) 
3.14 2.53 2.20 
7.00 6.64 
0.24 0.95 1.03 
0.37 
0.37 0.14 
3.00 2.80 2.93 
3.20 4.11 3.81 
8.7 7.77 
Mean 
2.62 
(0.48) 
6.98 
(0.33) 
0.73 
(0.33) 
0.36 
(0'.35 ) 
0.17 
(0.19 ) 
3.19 
7.20 
0.23 
0.36 
0.36 
2.91 2.90 
(0.01 ) 
3.71 3.20 
(0.46) 
7.88 7.05 
(0.77) 
2.89 2.91 
6.60 6.76 
0.B2 0.70 
0.66 
0.13 
2.69 2.46 
3.50 3.15 
7.8 6.31 
Mean 
2.99 
(0.11 ) 
6.85 
(0.01) 
0.58 
(0.31 ) 
0.34 
(0.3~) 
0.16 
(0.18) 
2.68 
(0.22) 
3.28 
(0.19) 
7.05 
(0.74) 
• for each of the groups the fatty acid composition was determined in triplicate, and the group means are given in the Table under the group codes. 
The means given in the Table are the batch means of these group means; standard deviation for the batch means are given in parentheses. 
t The C18:0 value is calculated relative to the total area under the fatty acid methyl ester (fAME) chromatogram trace after the solvent peak. 
f Significance of change is indicated as follows _not significant (~), sign.ifit~nt, (+)" highly significant (++), very highly. significant· (+++).. 
~ change 
(significance 
releltive to 
control ~ 
-2 
(-) 
-2 
(-) 
-22 
(-) 
(-) 
-8 
(-) 
-12 
(-) 
-11 
(-) 
co 
o 
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4.5 EffECT Of PROCESSING AND STORAGE ON fROZEN MINCED MACKEREL LIPID 
Analytical data for unprocessed right fillets (the controls) and 
left fillets (from batch C) which were minced and stored at _300 C are 
given in Table 23. The mean total lipid content waS not found to be 
significantly different (p:>5%) after 6 months storage, and presumably 
similarly after 4 months storage although the total lipid was not 
measured at that stage. The mean Peroxide Values show a significant 
increase (p<:1%) from 6.3 to 10.1 mEq/kg over 4 months storage and a 
significant increase (p<:1%) from 6.3 to 16.1 mEq/kg over 6 months 
storage. The increase between 4 and B months waS alao significant 
(p<:1%). These results are consistent with tha values reported by 
Ke (1976) for storage of mackerel mince at _150 C (see Section 2.3.2.2). 
The mean Acid Value showed a significant increase (p<:1%) from 1.6 to 
3.2 over 4 months storage and a significant increase (p<:1%) from 1.6 
to 3.6 over 6 months storage. This agrees with Takama n.§.!. (1971>, 
who noted that the lipid in mince fatty fish such as mackerel is 
subject to both hydrolysis snd oxidation during frozen storage (see 
Section 2.3.2.2). The mean Iodine Values are not significantly different 
(p:>5%) after 4 months or 6 months storage. 
Table 24 shows the concentrations of nutritionally important fatty 
acids in the unprocessed right fillet (the controls) and the frozen 
stored mince left fillet. Significant losses were found for the C20:4n-6 
and C20:5n-3 content after 4 months storage' and significant losses in 
the C20:4n-6 and in the C20:Sn-3 and C22:6n-3 after 10 months storage. 
for the total polyunsaturated nutritionally important fatty acids the 
loss of 10% after 4 months was not significant but the loss of 20% 
after 10 months was significant (P<:S%). Since the maximum storage 
life of mince fish from fatty fish at _300 C is about 3 months, the 
results indicate that small, but significant loss of nutritionally 
important fatty acids can occur within this storage life. 
On the besis of the loss of nutritionally important fatty acids 
the frozen fish mince appears to be undergoing lipid oxidation for more 
Table 23: Analytical dAta for frozen mince mackerel lipid at _30oC 
Samples Control Frozen mince stored for 4 monthe FroZ'en min,cs storsd for 8 months 
Group· Cl Mean 
Totel lipid . 19.4 16.3 20.3 19.0 18.8 
(~) ( 1 .7) 
Peroxid!! 
Velue 6.4 6.4 6.4 S.8 6.3 10.6 
mEq/kg (0.3) 
Acid V"lu!! 1 • 7 1.7 1.3 1.5 1 .6 3.4 
(0.2) 
Iodin!! V"lue .140 142 142 141 141 143 
(0.96) 
• For !!och of th" groups in th!! bntchen th" Annlyticnl 
triplicate for oth!!r nnalya!!s end mp-enD calculated. 
Th!! betch mean" of th~se;group menno Rrn also gi~e~;' 
par"nthen!!B. 
Maan 
9.4 10.6 9.8 10.1 
(0.6 ) 
3.4 2.9 2.9 3.2 
(0.3) 
141 142 143 142 
(0.96) 
C 1 
20.6 
18.2 
3 .8 
141 
17.3 19.4 
14.1 16.8 
3.7 3.5 
140 141 
dBtn wer" d"tnrmined in duplic"te. for the totel lipid 
Group mnnns ore given in the Table under-group codes. 
stnndard d~vintion9 for th .. betch meane ere given in 
Mean 
20.9 19.6 
(1 .6) 
15.4 16.1 
( 1 .8) 
3.3 3.6 
(0.2) 
142 141 
(0~82) 
"nd 
. I 
00 
N 
Tab!" 241 Concentration of nytritionallv important fatty acid pf froren minc' mackerel lipid, at _3QoC (Batch C) 
Portion of fiah Control 
C 4 Mean 
C1B:0 •• % of tot.l 1.77 1.96 1.76 
area of f AMEa t 
1.75 1.BO 
(0.10) 
fAME area relative 
to C1B:0 • 
C1Blln-9 
C1B:2n-6 
C1B:3n-3 
C20:4n-6 
C20:5n-3 
C22:6n-3 
I polyenes 
6.30 6.30 7.00 6.40 6.50 
(0.34) 
1.24 1.00 1.11 1.20 1.14 
(0.11) 
0.95 0.62 0.70 0.77 0.76 
(0.14 ) 
0.13 0.12 0.11 O.OB 0.11 
(0.02) 
3.BO 3.B 4.10 4.00 3.93 
(0.15) 
5.10 4.63 5.30 5.60 5.16 
(0.40 
11.22 10.17 11.32 11.65 11.09 
(0.65) 
left fillet processed and stored 
for 4 months 
2.00 2.14 1.97 1.92 2.01 
(0.09) 
5.40 6.37 5.9 6.00 5.92 
(0.40) 
1.121.001.10 1.20 1.11 
(O.OB) 
.0.79 0.62 0.59 0.72 0.6B 
(0.09) 
0.06 0.07 0.06 0.07 0.07 
(0.01) 
3.43 3.60 3.70 3.50 3.56 
(0.12) 
4.40 4.BO 4.B 4.2 4.55 
(0.30) 
9.B 10.09 10.25 9.69 9.96 
(0.26) 
S change 
(significance) 
relative to 
control 
,B 
(-) 
-10 
(-) 
-3 
(- ) 
-10 
(-) 
-36 
(H) 
-9 
(++) 
-12 
(-) 
-10 
(-) 
Left fillet processed and· 
stored for B months 
2.16 2.49 1.B7 2.42 2.42 
(0.2B) 
5.BO 6.20 6.10 6.60 6.1B 
(0.33) 
0.96 0.B5 1.20 0.B2 0.96 
(0.17) 
0.5B 0.43 0.59 0.66 0.57 
(0.09) 
0.06 0.06 0.06 0.07 0.06 
(0.01 ) 
3.50 2.90 3.60 2.70 3.1B 
(0.44) 
4.20 3.90 4.BO 3.60 4.13 
(0.50) 
9.3 B.14 10.25 7.B5 B.B9 
(1.11) 
~ change 
(significance) 
relative to t 
control 
-5 
(-) 
-14 
(-) 
-25 
(-) 
-44 
(H) 
-20 
(,) 
-20 
(,) 
-20 
(,) 
* for each of the groups, the fatty acid composition was determined in triplicate, and the group means are given in the table under the group codes. 
The .~eans . given in the Table sre the batch means of these group mesns; standard deviation for the batch means ere given in parentheses. 
t The C18:0 valua is calculated relative to the total area under the fatty acid methyl ester (fAME) chromatogram trace (after the solvent peak). 
* Significance of changes is indicated a8 follows - not significant (.)~, 8igni~icant (t,), highly significant (++), very highly significant (+++). 
00 
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rapidly than frozen fish fillet. This is not reflected in the Peroxide 
Value changes which ere greater for the fillets than the mince. However 
this could be due to more rapid break down of hydro peroxide in the mince 
(see Section 2.3.2.2). The absence of significant changes in Iodine 
Values is discussed further in Section 4.8. 
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4.6 EffECT Of PROCESSING AND STORAGE ON LIPID Of 
SALTED/DRIED MACKEREL MINCE 
Since most recent development work on salted/dried fish mince 
products has been carried out on minced flesh without skin (see 
Section 3.4.4), the left fillets (from batch D) were skinned and 
the salted/dried mince prepared from the flesh alone. 
Analytical data for right fillets (skin on), left fillet skin 
and left fillet flesh ara given in Table 25. The mean total lipid was 
found to be significantly higher in the skin than the flesh in agreement 
with previous results for mackerel (see Section 2.3.3.2). The mean 
Peroxide Value was significantly higher (p<:l%) for the skin than the 
flesh, possibly due to the greater access of oxygen to the skin lipid 
than the flesh lipid. The mean Acid Value was significantly lower 
(p<:5%) for the skin than the flesh or fillet (skin on). The Iodine 
Value of the skin was significantly lower than the left fillet flesh 
which was itself significantly lower than the right fillet (skin on). 
However, for both the Acid Values and Iodine Values the differences are 
small. 
Table 26 gives the concentrations of nutritionally important fatty 
acids in the un processed right fillet, left fillet skin and left" fillet 
flesh. The total of polyunsaturated nutritionally important fatty 
acids ( r polyenes) was found to be higher in the left fillet flesh, 
than the skin or the right fillet (skin on); however the differences 
are not significant. Arachidonic acid C20:4n-6 was significantly 
lower in the skin than the left fillet flesh and right fillet (skin on). 
Analytical data are also given in Table 25 for the salted/dried 
mackerel mince after 1 week and 4 weeks storage. These results should 
be compared with unprocessed left fillet flesh as control. The mean 
total lipid was significantly less (p<:l%) after processing and 1 weeks 
storage at 37°C, due to lipid loss during pressing of the mince after 
salting (see Section 3.4.4). A significant decrease (P<:S%) in total 
lipid was found after 4 weeks storage at 37°C which is due in part to 
the mince losing moisture on storage, as seen in Table 25. The mean 
Table 2:i:: ADal~~1~al data !gt a!i!l~cd.!ddcd 1!!liIcbCtr::1 m1tu;!: U~id 
Sample Right fillet (.kin on) L.ft fillet .kin Left fillet flesh Left fillet fleah procesaed L.ft fillet flesh proces.ed and 
unprocfl8sed end .tored for 1 week .tored for 4 .,..eek. 
I 
Group· Dl D2 D3 D4 Mean Dl D2 D3 D4 Mean Dl D2 D3 D4 Mean Dl D2 D3 D4 Mean Dl D2 D3 D4 Mean 
Total lipid (,;) B.3 \ 9.8 B.7 9.4 9. I 21.71B.4 I B.2 I B.D 19. I 1.4 1.9 1.3 1.9 7.6 5.0 5.5 5.4 5.6 5.6 6.3 6.B 6.6 6.6 6.6 
(0.1) ( , • B) (0.3) (C.3) (C." 
Peroxide Value B.B 5.1 5.5 5.6 6.4 9.4 4.3 B.B 9.C 9. I 5.B 4.1 4.B 4.1 5.C 49.2 54.4 49.5 41.9 5C.3 51.8 51. I 51.3 49.8 52.5 
mEq/kg (1 .6) (C.3) (C.5) (2.9) (3.2) 
Acid Valu. 4.0 3.6 3.7 4.C 3.8 2.3 3.6 3.4 2.8 3.C 4.0 4.3 4.2 4.0 4. I Ifr.3 16.4 lB.S 15.8 17 .3 21.9 32.3 32.6 28.8 3C.4 
(C.2) (C.6 ) (C.2) (1.4) (2.4) 
Iodine Value 128 13C 129 127 129 122 123 123 122 123 12S 12B 121 124 126 93t 104t 95t 98 
( I .3) (0.6) ( I .1 ) (5.6 ) 
Moisture 
content 35.5 36.6 32.2 32.4 34.2 33.C 34.3 29.B 30.1 32.6 
(2.2 ) (2. " 
Water activity 0.14 C.14 0.13 C.14 0.14 0.13 0.13 0.72 0.73 C.13 
(C. 01 ) (0.01) 
• ror each of the groups in the batches the analytical data weredetermine~ in duplicate for the total lipid and triplicate for other analYlea and means 
calculated. Group means era given in the Table under group codes. The batch means are also given; standard deviation. for the batch means ere given in 
parentheses. 
·t These values were obtained after the semples had been stored for several weeks at refrigerated temperature; this storage treatment was found with 
other samples to results in the Iodine Value being lowered about 2~. 
00 
0-
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Table 26: Consentration of nutritionally important fatty acids in BatGh D before prosessing 
Portion of fish 
Group* 
C1B:O as ~ of total 
are8 of FAMEst 
fAME are8 relative 
to C18:0 • 
C1B:ln-9 
C1B:2n-6 
C1B:3n-3 
C20:4n-6 
C20:5n-3 
C22:6n-3 
I polyenea 
2.64 
5.BO 
0.72 
0.5B 
O.Bl 
2.20 
2.30 
6.61 
Right fillet (akin on) 
2.29 2.5B 
6.10 4.60 
1.00 O.BO 
0.61 0.46 
0.61 0.B1 
2.10 2.30 
2.10 2.BO 
1.62 1.23 
Mean 
3.13 2.66 
(0.35) 
5.BO 5.5B 
0.13 
(0.66) 
O.Bl 
(0.13) 
0.5B 0.56 
(0.01) 
0.20 0.62 
(0.30) 
1.60 2.20 
(0.45) 
2.30 2.5B 
(0.22) 
5.41 6.72 
(0.91) 
Left fillet skin 
2.BO 1.94 2.69 2.65 
6.30 6.00 5.40 6.00 
0.B3 1.10 0.93 0.B3 
0.63 0.60 0.54 0.60 
0.13 0.06 0.05 0.06 
2.20 
2.20 2.33 2.30 2.20 
6.B9 1.03 6.01 5.93 
Mean 
2.52 2.1B 
(0.39) 
5.93 
(0.3B) 
0.92 
(0.13) 
5.00 
0.10 
0.59 0.50 
(O.O~) 
O.OB 0.15 
(0.03) 
2.33 2.20 
(0.39) 
2.51 2.60 
(0.41) 
6.47 6.15 
(O.SB) 
Left fillet flesh 
2.35 2.66 
5.00 3.BO 
0.90 0.13 
0.50 0.3B 
0.10 
2.40 2.40 
2.90 
1.40 1.5B 
5.10 
0.11 
Mean 
2.64 
(0.211 
4.13 
(0.62) 
0.16 
(0.09 ) 
0.510.41 
(0.06) 
0.91 0.B9 
(0.20) 
2.20 2.30 
(0.12) 
2.50 2.13 
(0.22) 
6.B9 1.16 
(0.40) 
* for each of the groups the fatty acid composition was determined in triplicate, and the group means are given in· the Table under the group codes. 
The means' given in the Table ere the batch means of these group means; standard deviation for the batch means ere given in parentheses. 
t The C1B:O value is calculated relative to the total area under the fatty acid methyl ester (FAME) chromatogram trace (after the solvent peak). 
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Peroxide Value was found to be significantly higher (p<1%) after 1 
and 4 weeks storage. The mean Acid Values were found to increase 
significantly (p<1%) during processing and 1 weeks storage and over 
the further J weeks storage. The mean Iodine Vslue was found to be 
significantly less (p<1%) efter 4 weeks storage compared with the 
control. The changes in Peroxide Values and Iodine Values during 
storage are consistent with appreciable lipid oxidation having taken 
place. The mean water activity did not. change significantly (p;>5%) 
between 1 and 4 weeks storage, although some moisture loss occurred. 
Table 27 gives the concentrations of nutritionally important 
fatty acids in unprocessed left fillet flesh (the control) and salted/ 
dried mackerel mince after 1 and 4 weeks storage at 37°C. Significant 
losses were found relative to the control in the C2D:4n-3 and C2D:5n-3 
content after 1 week storage and in the C2D:4n-6, C2D:5n-3 and C22:6n-3 
after 4 weeks storage. for the total polyunsaturated nutritionally 
important fatty acids ( r polyenes) significant losses were found of 
27% after 1 week and 33% after 4 weeks storage at 378C. 
Since salted/dried fish are often stored for several months, it is 
clear from these results that loss of nutritionally important fatty 
acids could appreciably decrease the nutritional value of the product. 
The high degree of lipid oxidation reflected in these results also 
raises possible problems of toxicity (see Section 2.1.4). 
Table 27: Concentration of nutritionallY important fatty acid in salted/dried mince mackerel lipid at lIoe 
Portion of fish 
Groups· 
C18:0 as ~ of total 
area of FAMEst 
FAME ares relative 
to C18:0 • 
Cl 6: In-9 
C16:a-.-6 
C16:3n_3 
C20:5n-3 
C22:6n-3 
I polyenee 
Left flash 
fillet 
Mean 
2.64 
(0.20) 
4.73 
(0.62) 
0.76 
(0.09) 
0.47 
0.90 
(0.20) 
2.30 
(0.12) 
2.73 
(0.22) 
7.16 
(0.40) 
Left fillet flesh pr~cessed and 
stored for 1 week 
Dl 
4.04 3.20 4.29 3.63 
5.00 4.70 3.70 4.60 
0.60 0.60 0.65 0.70 
0.50 0.47 0.37 0.46 
0.30 0.20 0.1 0.46 
1.30 1.60 1 .33 1.40 
2.20 2.60 2.70 2.20 
4.9 5.67 5.15 5.22 
% change 
(significance) 
Mean relative to 
control 
3.64 +45 
(0.47) (++) 
4.5 
(0.56) 
0.69 
(0.09) 
0.45 
(0.06) 
0.27 
(0.15) 
1 .41 
(0.14) 
2.43 
(0.25) 
5.24 
(0.32) 
-5 
(-) 
-9 
(-) 
-5 
(- ) 
-70 
(+++) 
-39 
(+++) 
-11 
(-) 
-27 
(+) 
Left fillet flesh processed and stored 
for 4 weeks 
Dl 
4.14 3.64 
5.00 4.90 
0.60 0.70 
0.50 0.49 
0.30 0.20 
1.20 1.40 
1.90 1.95 
4.50 4.74 
4.26 3.16 
3.60 4.60 
0.63 0.70 
0.36 0.46 
0.12 0.50 
1.40 
2.50 2.00 
4.62 5.06 
Mean 
3.81 
4.52 
(0.63) 
0.66 
(0.05) 
0.45 
(0.06 ) 
0.26 
(0.16) 
1.30 
(0.111 
2.09 
(0.26) 
4.76 
(0.23) 
'% change 
(significance) 
relative to =1= 
pontrol 
+44 
(++) 
-4 
(-) 
-13 
(-) 
-5 
(-) 
-69 
(+++) 
-43 
(+++) 
-23 
(++ ) 
-33 
(++) 
• For each of the groups, the fatty acid composition was determined in triplicate, and the group means are given in the Table under the group codes. 
The means' given in the Table are the batch means of these group meane, standard deviation for the batch means are given in parentheses. 
t The C1B:0 value is calculated relative to the total area under the fatty acid methyl ester (FAME) chromatogram traca (after the solvent peak). t Significance of change is indicated aa follows: not significant (-). eignificant (+), highly significant (++), very highly significant (+++). 
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4.7 EFFECT OF PROCESSING AND STORAGE ON MACKEREL SILAGE LIPID 
Analytical data for batch E right fillets (the controls) and left 
fillets processed into silage are given in Table 28. The mean percentage 
total lipid was found to increase during storage; this resulted from 
moisture loss which occurred due to the silage being stored in an open 
container. The mean Peroxide Value was significantly higher (p<:l%) 
after processing and 1 months storage, indicating rapid lipid oxidation. 
The mean Peroxide Values then fell significantly (p<:l%) over the 6 and 
10 months storage periods. The mean Acid Value was found to be sign-
ificantly higher (p<:l%) after processing and 1 months storage compared 
with the control, and significantly higher (p<:l%) after 6 and 10 months 
storage compared with the control and the 1 month stored product. The 
mean Iodine Value was found to be significantly lower (p<:l%) after 1 
month, 6 months and 10 months storage compared to control, however the 
Iodine Value did not change significantly between 1 and 10 months 
storage. These results for Acid Values and Iodine Value changes agree 
well with those reported by Tatterson and Windsor (1974) for ~ackerel 
(see Section 2.3.4, Table 14). 
Table 29 gives the concentration of nutritionally important fatty 
acids in the unprocessed right fillet (the controls) and the left 
fillet, processed into silage, after 1, 6 and 10 months storage at room 
. temperature. Significant losses were found in all the nutritionally 
important fatty acids, except C18:2n-6, after 1, 6 and 10 months storage 
compared with the control. for the total pOlyunsaturated nutritionally 
important fatty acids ( I polyenes) significant losses were found of 
26%, 48% and 51% after 1, 6 and 10 months storage, respectively. These 
results are consistent with a high degree of lipid oxidation. 
In order to obtain more information on the development of lipid 
oxidation in fish silage, the total lipid was separated by silicic 
acid chromatography into neutral lipid (NL) containing mainly triglyceride, 
phospholipid (PL) and free fatty acid (FFA) and each fraction was analysed 
by GLC for fatty acid composition. The results are given in Table 3D. 
Previous results on fatty acid composition changes in lipid classes 
during the storage of fish products have shown very wide variability 
such that little information can be obtained from them, e.g. Takama 
~~. (1971) (see Section 2.3.2.2). Similarly individual results and 
Table ,al Aoa 1:,::tic!l1 d!l~a fo;;: mackerel silag,e 1i21d." 
Sample Control Left fillet Left f.j.llst left fillet 
processed and processed and processed and 
, 
stored for 1 stored for 6 stored for 10 
Groups El E2 E3 E4 E5 Mean month months months 
Totlll lipid 
'" 
16.6 15.8 16.2 17.6 15.5 16.3 14.71 18.3 19.4 
(0.81) (0.30) (0.36) 
Peroxide Velue 
mEq/kg 6.8 5.4 7.3 7.8 10.4 7.5 16'3.6 57.7 45.7 
(1.83) (0.90) (0.20) (0.1 ) 
Acid Value 1.8 1 .6 1.7 1.5 1.7 1 .7 6.6 14.5 16.5 
(0.11 ) (0.10) (0.23) (0.42) 
Iodine Value 139 143 143 143 13B 141 101 100 99 
(2.32) (0.60) (0.20) (0.50) 
* For the con'tro1 for eacK of' the gr6ups 'in the batches the analytical data were determined in duplicate' for the totel:lipid , 
and triplicate for ,othe'r analyses, and means calculated. These are given under ,thegroup·'codes. The means given in the Table 
sre batch m~eine of th"ae group means; -standatd deviations for the batch means are given in parentheses. For the processed 
, samples, reAults are means of triplicate determinations on the combined groups proce8sed, in,to silage; standard deviations 
are given in pArentheses. 
t Single determinationi. 
~ 
Toblc Z91 Cg"eftntrntlQo pf nutritipnally i~ogrt,nt fntty acid gf ,ilage ~ackerel lipid 
?ortion of fhh 
CIBIO •• '/. or 
total area of 
rAME.t 
fAME area 
relative to 
CIBIO • I 
CI6,'n-9 
CI8.2n-6 
CI8,3n-3 
C20.4n_6 
C20,5n_3 
polyenea 
Control 
2.10 2.30 2.32 2.64 2.60 
6.10 6.50 5.90 6.10 6.10 
1.15 1.1 1.02 0.79 0.66 
0.61 0.65 0.60 0.61 0.61 
0.06 0.26 0.12 O.IB O.IB 
3.33 3.10 3.20 2.60 2.54. 
4.30 4.00 4.34 3.60 3.36 
9.45 9.11 9.2B 7.76 7.55 
r~ean 
2.40 
(0.24) 
6.20 
(0.2) 
1.00 
(O.llS) 
0.62 
(0) 
0.16 
(II.U7) 
3.0 
(0.36) 
3.92 
(0.40) 
8.63 
(0.89 ) 
Left fillet 
processed 
and stored 
1 month 
E combined 
2.49 
(0) 
6.40 
(0.04) 
0.87· 
( U.Ut> 
0.47 
(O.UI) 
0.07 
(U) 
2.20 
(0.03) 
2.63 
(0.02) 
6.24 
~"{, chaniJe 
(significance) 
relative to 
control 
+19 
(-) 
+3 
(-) 
-13 
(-) 
-24 
(+ ) 
-56 
(++ ) 
-27 
(++) 
-33 
(++) 
-26 
( .) 
Left fillet 
processed 
And stored 
for 6 month!l 
E combined 
2.72 
(0.09) 
6.10 
(0.24) 
0.80 
(0.07) 
0.37 
(0 ) 
0.06 
(0) 
I .78 
(0.15) 
I .51 
tu .05) 
~ change 
(Iignific.nc.) 
relative to 
control 
+30 
(-) 
-2 
(-) 
-22 
(n.) 
-41 , 
(t+) 
-62 
( .. ) 
-41 
( .. ) 
-62 
,( ... ) 
_4B 
( .. ) 
L.ft fillet 
proc~.lIed 
and stored 
for 10 months 
E combined 
2.74 
(0.06) 
6.30 
(O.OB) 
0.B8 
(0.04) 
I 
0.32 
(0.07) 
0.04 
(0.0 I ) 
1.7J 
(0.12) 
1.31 
(0.1 ) 
4.2 
• for eech!of the groups, the tatty acid compoeition was determined in triplicate, ond the aroup meAns are given in the Table under group codes. 
The reeult. given in thft Table are the bftt~h means of th~ge group means: standard deviation for the batch means are given in parentheaes. 
t The C19,O value is calc~lated relative to the total ore a under the fatty acid m~thyl ester (FAME) chromatogram trees (after the solvent peak). 
tSignificance of change ia indicated as follows: not Significant (-), signific~nt (+), highly significant (++), very highly significant (~++,. 
~ change 
(significance) 
relative to 
control f 
+3 
(+ ) 
-2 
(-) 
-22 
fn.) 
-4B 
( .. ) 
i -77 
( H+) 
-42 
( .. ) 
-67 
( +++) 
-51 
(++) 
, 
I 
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percentage change data given in Table 30 should not be assessed alone, 
but rather general trends and summarised values should be considered. 
The composition 'of the lipid classes of the control shows a much lower 
proportion of polyunsaturated fatty acids in the FFA, than the NL and 
PL fractions (balanced by higher proportions of saturated and mono-
unsaturated fatty acid). During storage, two processes effect the fatty 
acid lipid class compositions: the 'hydrolysis of phospholipid and 
triglyceride to give free fatty acid which is thought to be more rapid 
for phospholipids (Takama ~~., 1971) and the oxidation of lipid 
material. The hydrolysis results in an increase in the total poly-
unsaturated fatty acids in the FFA fraction during storage, assuming 
the free fatty acids formed are not greatly different in profile to 
the acids in the PL and NL fractions. The lipid oxidation process can 
lead to a reduction in the polyunsaturated fatty acids for all the 
fractions. The results given in Table 30 for the changes in total 
nutritionally important polyunsaturated fatty acid ( ! polyenes) can be 
explained in terms of these two processes with an initial increase in 
the FFA fraction after 1 month due to hydrolysis, followed by a decline 
over the subsequent five months due to oxidation. The results indicate 
a faster rate of lipid oxidation for the PL than the NL fraction, 
however all these results require confirmation by further investigation 
involving application of analytical methods, to the separated lipid classes. 
.ble 30: Concentration of nutritionally important fatty acids in mackerel silage lipid classes· 
ortion of fish 
roup 
Right fillet flesh 
Group El (control) 
Left fillet silage efter 
E (combined) 
% % 
month 
% 
lasses NL PL ffA NL change PL change ffA change 
1 B:O as % of 
otal area of fAMEst 2.13 2.57 2.B 2.54 +2 3.27 +27 2.91 +4 
AME area relative 
o C1B:0 • 1 
Cl 6.1 n-9 
C18:2n-6 
C18:3n-3 
C20:4n-6 
C20.5n-3 
C22.6n-3 
L polyene .. 
7.60 3.4 
0.80 0.41 
0.76 0.34 
0.38 0.34 
3.33 2.4 
3.50 5.6 
8.77 9.09 
5.4 6.91 +3 
0.59 1.13 +41 
0.22 0.35 -59 
0.43 0.07 -83 
1.46 2.66 -20 
1.10 2.9 -17 
3.8 7.11 -19 
6.61 +94 
0.66 ,+61 
0.2' -41 
0.26 -24 
1.93 -20 
3.3 -42 
6.35 -30 
5.7 +6 
0.74 +23 
0.17 -23 
0.06 -86 
2.61 +79 
1 .2 +9 
4.78 '+26 
Nl 
2.24 
7.3 
0.2 
0.73 
0.15 
1.89 
2.03 
6.8 
Left fillet silage efter 6 months 
E (combined) 
change PL change ffA change 
+5 3.B +4B 2.97 +6 
14 
-75 
-21 
-62 
-43 
-42 
-22 
4.24 +25 
0.88 +114 
0.21 -32 
0.08 -76 
1.37 -43 
1.82 -68 
4.36 -52 
6.63 +23 
0.72 +22 
0.27 +23 
NO -100 '£ 
1.68 +12 
1.33 +21 
4 +5 
The re,sulte given in the Table ara means of triplicete determination; the % changes ara calCUlated relative to the control. 
NL • neutral lipid fraction, PL • phospholipid fraction, FFA • free fatty acid fraction. 
I 
'The C16:0 value ie calCUlated relative to the total area under the fatty acid methyl ester (fAME) chromatogrem trace 
(after aolvent peak). 
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4.8 GENERAL DISCUSSION 
Most previous research work on assessment of lipid oxidation in 
fish products, and consequent-loss of nutritionally important fatty 
acids, has been carried out by classical analytical methods, i.e. 
Peroxide Value, Acid Value, Iodine Value and Thiobarbituric Acid Value. 
Relatively few results have been reported on the use of GLC. 
Analytical data obtained in this investigation by three classical 
analytical methods, Paroxide Value, Acid Value, Iodine Value, and for 
nutritionally important fatty acids, by GLC, are summarised in Table 31 
and selected correlation coefficients are given in Table 32. 
The increases in Peroxide Value do not correlate significantly 
with loss of nutritionally important fatty acids (Ipolyenes). This 
is to be expected since Peroxide Value measures, predominantly, hydro-
peroxide intermediates, which can decline after reaching a maximum 
during storage, as observed for the silage. The increases in Acid, Value 
do however correlate significantly with loss of I polyenes; the 
correlation being better when the salted/dried mackerel mince data are 
excluded. However, Acid Value assesses lipid hydrolysis not lipid 
oxidation. Although lipid hydrolysis and oxidation do correlate for 
the fish products and raw materials used in this investigation, the 
correlation may not hold for other fish products or raw materials. The 
atypical behaviour of the salted/dried mince may be due to the nature 
of the product (containing a large amount of salt) or to the fact that 
the batch of fish used was from spawning fish, with a different lipid 
content and composition to the other batches (see Section 4.2). Decreases 
in Iodine Value correlate significantly with loss of nutritionally 
important fatty acids and would appear to be the most reliable of the 
classical methods for determining the loss of nutritionally important 
fatty acids. Calculated Iodine Values based on the full GLC analysis 
data are in agreement with the experimential values and confirm the 
validity of the correlation. However, use of Iodine Value for assessing 
loss of nutritionally important fatty acids in a sample is limited 
Table J! • Cheng~~ in ~i~id anDI~~~eel d~!a eom~~Ieg ~i!b ~on!tol§* 
Product Cenned mecke rel 'rozen meekerel ,rozen mackerel Salted/dried meekerel Meckerel e!.tege 
fillet mince mince· 
Storege time efter 
proceeeing 6 monthe 6 months 10monthe 4 months 8 months 1 week 4 weeke 1 month 6 months 10 month~ 
Incres8e in 
Peroxide Velue (-3) 7 16 4 10 45 46 156 50 38 
(mEq/kg) 
I nere"ee in 
Acid V"lue 0.7 ( 1 ) 1.5 1.6 2 13.2 26.3 5 12.6 14.6 
I' 
Decre"se in -0 0-
Iodine V"lue ( 1 ) ( 1 ) ( 1 ) (11 (0 ) 26 40 41 42 
';b Lo~s of 
1: polyenes t 0 (5 ) ( 10) ( 10) 20 27 33 46 46 51 
'" Loss of 
(C18'2n-6+C20.4n-6) 0 17 (18 ) (4 ) ( 17) 42 43 (22) 29 31 
'" Lo~" of 
(C20.5n-3+C22.6n-3) 0 ( 3) ( 9) ( 111 19 24 33 37 57 60 
* The det" in the T"ble ere tho chenges relative to the respective controlB: see previoue Table!! for complete esta of data. 
Changes th"t are not significantly differ~nt relative to the controls are given in parentheses. 
t Sum of C16:2n-6, C16:3n-3, C20:4n-6, I: 20: 5n-3 end 1:22: 6n-3 .• 
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Table 32: Correlation coefficients for lipid analytical data* 
Parameters 
Increase in Peroxide Value 
versus 
% loss of r polyenes t 
Increase in Acid Value 
versus 
% loss of r polyenes 
Decrease in Iodine Value 
versus % loss of :r polyenes 
% loss of (CI8:2n-6+C20:4n-6) 
versus 
% loss of (C20:5n-3+C22;6n-3) 
All products 
(10 values) 
0.4237 
(-) 
0.7322 
( +) 
0.BB701 
(++) 
0.6.18B 
(-) 
* Significance of changes is indicated as follows: 
All products except 
salted/dried mackerel 
mince 
(8 values) 
0.4132 
(-) 
0.9679 
0.BB18 
(++) 
0.8420 
(++) 
not significant (-), significant (+), highly significant (++), 
very highly significant (+++). 
1 Only nine values, no data for week 1 stored/dried mackerel mince. 
f Sum of .CI8:2n-6, CI8:3n-3, C20:4n-6, C20:4n-3 and C22:6n-3. 
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because of the need to know the initial Iodine Value for any sample 
being assessed. 
The Thiobarbituric Acid Value (TEA) is becoming more popular in 
lipid oxidati~n assessment, partly as a result of studies concerned 
with the toxicity of malondialdehyde (Pearson ~ Ai., 1983). It was 
not used in this investigation because it is very time-consuming and 
because, like Peroxide Value, it appears to go through a maximum 
during fish product storage (Eshiet, 1984). However, the method 
should be included in further investigations because of the problems 
found with the other classical analytical methods. 
The data in Table 31 clearly shows that losses of essential fatty 
acids (C18:2n-6 and C20:4n-6) and EPA (C20:5n-3) and DHA (C22:6n-3) 
have occurred during storage of salted/dried mince and fish silage, and 
for EPA and DHA during prolonged storage of frozen mince. Significant 
losses of linolenic acid (C18:3n-3) were observed only for the fish 
silage (see Section 4.7). for the fish products excluding the salted/ 
dried mince, the losses of the essential fatty acids (C18:2n-6 and 
C20:'4n-6), correlated significantly with losses of EPA and DHA (C20: 5n-3 
and C22:6n-3), with the latter acids, which are more unsaturated, showing 
rather large losses. The essential fatty acid (C20:4n-6) shows larger 
losses than EPA and DHA for the salted/dried mince, however this batch 
is of spawning fish with a far greater proportion of C20:4n-6 present 
in the lipid than other batches (See Section 4.2) and. a typical behaviour 
has been noted above for other parameters. 
Use of GLC for assessing the degree of'lipid oxidation in a sample 
and for assessing losses of nutritionally important fatty acids suffers 
from the same problem as use of Iodine Value, i.e. initial values for 
the sample need to be known, however it has the advantage of indicating 
which fatty acids have been lost. 
The significance of the results from a nutritional point of view 
needs to be assessed further, particularly for salted/dried mince and 
other cured fish products and for silage and related products such as 
fish sauces, and more experimental data should be obtained. Such 
assessment needs to take into account whether the product is for human 
or animal consumption. The formation of potentially toxic lipid oxidation 
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compounds in these products should elso be assessed since the degree 
of lipid oxidetion observed is far higher than has been observed in 
other food commodities. 
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5. CONCLUSIONS 
The following conclusions can be drawn from this investigation: 
1. for canned mackerel no significant loss of nutritionally 
important fatty acids (essential fatty acids, eicosapentaenoic 
acid and docosahexaenoic acid) was found on processing and 
storage over 6 months. 
2. for mackerel fillet stored at _300 C no significant loss of 
nutritionally important fatty acids was found over 10 months 
storage, however the Peroxide "Value showed a small but 
significant increase. 
J. for mackerel mince stored at _JOoC a significant loss of 
about 20~ of the nutritionally important fatty acids occurred 
over 8 months storage. 
4. for salted/dried mackerel mince stored at J7°C a significant 
loss of about JO% of the nutritionally important fatty acids 
occurred within 4 weeks storage. 
5. for mackerel silage stored at room temperature significant losses 
of 26, 48% and 51% of the nutritionally important fatty acids 
were found after 1, 6 and 10 months storage, respectively. The 
phospholipid fraction appeared to unde~go oxidation more rapidly 
than the neutral lipid and free fatty acid fractions. 
6. Increases in Peroxide Value did not give a good indication of 
losses of the nutritionally important fatty acids or of the 
degree of lipid oxidation in the highly autoxidised products. 
Increases in Acid Value correlats significantly with losses of 
the nutritionally important fatty acids, but this relationship 
might not hold for other fish products in which lipid hydrolysis 
or lipid oxidation may have been selectively enhanced or retarded. 
Decreases in Iodine Value correlated significantly with losses of 
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the nutritionelly importent fatty acid. This would appear 
to be the best of the three classical analytical methods 
for assessment of loss of the nutritionally important fatty 
acids and of the degree of lipid oxidation in highly aut-
oxidised fish products, provided the initial Iodine Value for 
any sample is known. 
- 102 -
6. SUGGESTIONS fOR fURTHER WORK 
The following further work is suggested: 
1. Investigation of losses of nutritionally important fatty 
acids in frozen fillets and frozen mince stored for longer 
periods of tims at _300 C and at higher freezing temperature 
(i.e. -10 to -2SoC). 
2. Investigation of losses of nutritionally important fatty acids 
in other cured fish products, e.g. salted/dried whole fish and 
smoked fish. 
3. Investigstion of losses of nutritionally important fatty acids 
in products related to fish silage, e.g. fish sauces and other 
fermented products. 
4. Investigation into the effects of loss of nutritionally important 
fatty acids in fish products on human and animal nutrition. 
5. Investigation of possible loss of vitamins A, D and E in 
highly autoxidised fish products. 
6. Investigation of possible build-up of toxic compounds resulting 
from lipid oxidation, e.g. malonaldehyde and related compounds. 
The Thiobarbituric Acid method should be used in this study. 
7. further investigation of lipid changes in relation to the neutral 
lipid and phospholipid and free fatty ~cid of the fish lipid. 
B. further investigation of the use of classical methods for assess-
ing losses of nutritionally important fatty acids, in particular 
the use of Iodine Value. 
9. further development of GLC methods, including use of capillary 
column gas chromatography, for assessing losses of nutritionally 
important fatty acids and the degree of lipid oxidation in highly 
autoxidised products. 
7. APPEND IX 
7.1 APPENDIX 1 - DETAILED BIOMETERIC DATA 
Teble 33: Biometeric measurement for Batch A (Noyember 1983)* 
Sample Length (cm) Totel weight Eviscerated Fillet weight 
No. (g) weight Right side Left side 
1 33.2 340 310 115 110 
2 33.8 350 325 120 125 
3 34.1 340 315 110 120 
4 35.0 340 315 120 115 
5 34.5 346 326 115 110 
6 33.5 310 290 105 110 
7 33.4 310 280 110 110 
8 33.5 300 280 110 110 ~ 
0 
9 32.5 300 280 110 110 w 
10 33.1 300 280 110 110 
Me .. n 33.66 . 323.6 300.0 112.5 113.0 
Standard 
dev iation 0.72 21.2 19.72 4.86 5.37 
* Each five right fillets were placed in groups ss controls. 
Each five left fillets were pIeced in the corresponding groups and were csnned end stored. 
IlIblc J~: ;gigme:t=z;:~' me=aYt=:mCD:t fel:: Ba:tkb' B r:!ovember 128J}" 
Sample Length (cm) Total weight Eviscerated fillet weight 
No. (g) weight Right eide Laft eid .. 
1 37.1 560 570 205 185 
2 38. 0 440 415 185 160 
3 36.7 440 410 165 160 
4 37 .0 510 470 165 185 
5 37.1 470 445 160 160 
6 38.2 475 460 170 170 
7 38.3 570 540 205 215 
8 37.8 500 570 180 180 
9 39.0 540 505 190 190 
10 39.0 560 520 210 205 
11 39.0 525 490 180 185 
12 38.0 440 470 160 150 
13 37.7 410 385 130 130 
14 38.3 480 455 180 160 
-15 38.5 485 445 160 150 Cl ... 
16 38.0 430 405 155 150 
17 37.7 520 485 180 175 
18 38.0 500 470 190 175 
19 39.5 500 470 170 170 
20 38.6 560 520 205 190 
21 40.0 620 570 205 225 
22 41.2 560 520 185 185 
23 40.0 600 565 220 200 
24 41.0 535 495 185 186 
25 40.2 580 545 210 205 
Mean 38.56 510.8 485.8 182.0 177.8 
Standard 
deviation 1.21 55.12 56.06 21.45 22.50 
* Each five right fillets were placed in groups as controls. The other five left fillets were 
pleced in the corresponding groups, vecuum packed in plastic pouches, frozen and stored at _30oe. 
IoI!Ible 351 III cme:tex::i c mca::Hu:cmcc:t fQ.t: Ba:t~b C !Decembe~ 12BJ)* 
Sample Length Total weight Eviscerated fillet weight (g) 
No. (cm) (g) weight (g) Right Left 
1 36.B 480 350 170 165 
2 3B.0 515 475 lBo 175 
3 36.1 425 400 160 160 
4 36.3 420 395 160 150 
5 35.6 440 410 160 160 
6 35.0 400 370 140 145 
7 36.5 400 425 160 170 
B 37.0 430 395 140 160 
9 37.8 460 470 165 160 
10 37 .6 425 395 140 150 
.... 
0 
11 37.7 480 445 170 180' <.n 
12 3"7.5 440 400 145 150 
13 37.5 460 425 160 170 
14 36.6 450 425 170 170 
15 36.5 410 480 150 145 
16 38.0 540 500 180 190 
17 38.2 515 485 180 200 
18 38.0 490 460 175 lB5 
19 37.0 490 465 lBO lB5 
20 36.7 430 400 150 150 
Mean 37 .02 45B 425.75 161.75 166.0 
Standard deviation 0.B7 38.27 40.69 13.98 15.94 
* Each five right fillets were placed in groups 8S controls. The other five left fillets were placed in the 
corresponding groups ,and minced and vacuumed in plastic Douches and fro7e.n. 
Table J61 Biomejo!ld" m~~~u[em~n~ fO[ Ba~~h D (AIlIil l28!1)*' 
Sample Length Total weight Eviscerated Fillet weight (g) Left fillet 
No. (cm) (g) weight (g) Right Left Skin weight Flesh weight 
1 33.0 255 230 72.0 70.0 10.6 59.4 
2 37.5 260 230 63.4 64.6 9.6 5S.0 
3 34.0 2BS 250 70.1 76.9 9.9 67.0 
4 33.5 300 260 79.6 76.6 10.1 66.S 
5 33.0 322 260 72.2 73.5 9.7 63.B 
6 33.0 322 2:70 B3.0 BB.3 15.9 72.3 
7 33.0 242 220 65.6 63.9 II.B 52.1 
B 32.3 230 215 65.3 59.3 B.B 50.5 
9 33.0 240 220 61 .1 59.3 13.9 I 45.4 
10 31.5 240 210 65.7 62.0 11 .9 50.1 
11 31.0 200 190 56.0 46.2 B.B 36.4 
12 31.3 225 200 63.7 59.0 14.1 144.9 
13 34.5 275 250 67.3 64.B 15.3 49.5 
14 33.0 225 205 57.0 57.9 6.4 51.5 
15 33.0 115 180 48.3 46.9 11.2 33.7 
16 32.0 220 200 55.3 59.5 10.3 49.2 
17 35.0 240 260 73.1 75.3 15.0 60.3 
lB 31.5 235 215 63.0 64.2 10.7 54.0 
19 34.0 290 260 BO .1 74.6 12.5 62.1 
20 32.0 215 205 55.4 62.4 12.0 50.4 
Meen 32.B6 251.3 226.5 65.B6 65.29 11.43 S3.7 
Standard 
deviation 1 .1 3B.2 27.1 9.13 10.24 2.43 9.91 
• E"ch fiv" right fillet" were pleced in groups for a9ae""ing lipid composition in skin end flesh. 
E"ch five left fillet a were skinned snd the flesh in four groups wera partly used for SBlted/dril!d 
mince production end partly as control. . 
Tabl!: Jl: Biom=~;.i~ mcaay.emeat~ f~. B~t,b E lO,tobc. ]~BJ) 
Sample Groups- Length Totol weight Eviscerated Fillet weight (g) 
No. Code (cm) (g) weight (g) Right Left 
34.0 320 300 120 115 
2 33.9 310 290 125 125 
3 34.2 320 295 125 125 
4 37.1 440 465 170 146 
5 35.5 370 350 142 135 
6 32.2 320 295 140 lOO 
7 34.0 340 310 140 115 
8 34.5 335 310 lOO 115 
9 33.2 265 245 110 85 
10 35 335 305 115 85 
11 34.1 335 315 140 126 
12 34.8 330 310 140 115 ~ 
0 
13 36.0 410 380 190 135 " 
14 33.1 300 380 130 110 
15 34.3 330 305 140 110 
16 35.0 365 340 150 130 
17 33.5 320 300 130 110 
18 33.5 290 270 115 90 
19 32.4 285 240 120 110 
20 32.5 290 270 115 110 
21 33. [) 315 290 110 130 
22 34.7 310 285 125 110 
23 32.3 300 275 115 110 
24 32.3 280 240 115 110 
25 32.0 260 245 105 85 
Mean 33.62 322.8 298.0 129.8 133.08 
Standard deviation 1.02 40.80 40.08 20.36 16.32 
• Each five right fillets were placed in groups as controls • 
All the left fillets were combined and processed BS silage. 
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7.2 APPENDIX 2 - CHROMATOGRAMS UF-FATTY ACID METHYL ESTERS 
Fig. 18: Chromatogram using an SP-2330 column of fatty acid methyl esters 
of total lipid from unprocessed Batch E right fillets 
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Fio. 19: Chromatogram usina an 5P-2330 column of fatty acid methyl esters 
of fish silage prepared from Batch E left fillets after 10 Months 
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